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I N  MEMORY OF SERGEY PAVLOVICH KOROLEV 

NASA TT F-11, 430 

B.V. and M.K. 

On January 1 4 ,  1966, i n  Moscow, died a n  outs tanding  Sovie t  des igner  and 
s c i e n t i s t ,  member of t h e  Presidium of Academy of Sciences SSSR, Communist, Acade- 
mician Sergey Pavlovich Korolev, who worked i n  t h e  area of rocke t  and space 
technology. With h i s  dea th  Sovie t  and world sc i ence  has  l o s t  a lead ing  a c t i v i s t  
whose name i s  inseparably  connected wi th  the  s tar t  of a new era of man's master- 
ing  of space. 

- /3* 

Sergey Pavlovich w a s  born on December 30 1906 a t  Zhi tomir ,  i n  t h e  family 
Having en ro l l ed  i n  t h e  Kiev Poly technic  I n s t i t u t e  a f t e r  r ece iv ing  

- 14 
of a t eache r .  
a secondary educa t ion ,  he t r a n s f e r r e d  i n  1926 t o  t h e  t h i r d  course  a t  t he  Moscow 
Technical  School of Higher Learning, and completed Department of Aeronaut ical  
Engineering i n  1929. H e  combined h i s  s tud ie s  a t  t h e  h igher  i n s t i t u t i o n  of learn-  
i n g  wi th  work i n  the  a v i a t i o n  indus t ry .  

Having become enthused i n  problems of g l i d i n g  and l igh t -engine  a v i a t i o n ,  
h e ,  w i t h  h i s  c h a r a c t e r i s t i c  energy, completed p i l o t  t r a i n i n g  i n  1930 and simul- 
taneous ly  w a s  engaged i n  designing g l ide r s .  I n  1929, a t  t h e  S ix th  All-Union 
Gl ide r  Competition he w a s  one of t h e  des igners  of t h e  "Koktebel'l g l i d e r .  I n  
1930 he  designed and b u i l t  t h e  "Krasnaya Zvezda" g l i d e r  on which p i l o t  V.A. 
Stepanchenek w a s  t he  f i r s t  i n  t h e  h i s t o r y  of a v i a t i o n  t o  perform a c r o b a t i c  
maneuvers. Only a sudden i l l n e s s  prevented Sergey Pavlovich himself from com- 
p l e t i n g  t h e s e  f l i g h t s ,  ou ts tanding  f o r  t h a t  t i m e .  I n  1930 he made h i s  f i r s t  
f l i g h t  on t h e  l igh t -engine  a i r c r a f t  SK-4 which he designed. 
Pavlovich p a r t i c i p a t e d  i n  t h e  second All-Union meeting of g l i d e r  p i l o t s  as t h e  
p i l o t  and des igner  of t h e  two-place SK-9 g l i d e r ,  on which a l i qu id - fue l  rocke t  
engine w a s  subsequent ly  i n s t a l l e d .  

I n  1935 Sergey 

Sergey Pavlovich began h i s  ac t iv i ty  i n  t h e  area of rocke t  engineer ing i n  
1930. Having become f a m i l i a r  wi th  Konstantin Eduardovich Tsiolkovskiy and h i s  
works, Sergey Pavlovich devoted h i s  e n t i r e  l i f e  t o  accomplishing t h e  bold dream 
of mankind--space exp lo ra t ion .  The Group f o r  t h e  Study of Jet Propuls ion (GSJP), 
founded w i t h  h i s  p a r t i c i p a t i o n ,  became the c e n t e r  i n  Moscow around which dur ing  
t h e  1920s ga thered  rocke t  engineer ing en thus i a s t s .  From t h a t  t i m e  u n t i l  t h e  
end of h i s  l i f e  he devoted a l l  h i s  e f f o r t s  t o  development of Sovie t  rocke t  and 
space  technology. 

Sergey Pavlovich,  heading t h e  GSJP team s i n c e  1932, worked hard and f r u i t -  
f u l l y  on t h e  des ign  of t h e  f i r s t  experimental  engine and rocke t s  and solved a 
number of  t h e o r e t i c a l  problems. 
c r a f t  i n  t h e  s t r a t o s p h e r e  a t  the  All-Union Conference f o r  t h e  Study of t h e  

I n  1934 he  gave a r e p o r t  on t h e  f l i g h t  of j e t  

I S t r a t o s p h e r e  a t  Leningrad. 

*Numbers i n  t h e  margin i n d i c a t e  pagina t ion  i n  t h e  f o r e i g n  text.  
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Afte r  o rgan iza t ion  of t he  Je t  Research I n s t i t u t e  a t  t h e  end of 1933, S .P .  
Korolev accomplished cons iderable  o rgan iza t iona l ,  research ,  and des ign  work a t  

. t h i s  I n s t i t u t e ,  d i r e c t i n g  h i s  c r e a t i v e  e f f o r t s  t o  t h e  development of long-range, /5 ~* 

. winged guided missiles and rocket  a i r c r a f t .  

Considering t h a t  one of t h e  main purposes i n  the  development of rocke t  
engineer ing w a s  t o  c r e a t e  c r a f t  capable  of l i f t i n g  man, he personal ly  f lew,  
whi le  s t i l l  i n  t h e  GSJP, t he  BICh-I1 ta i l less  g l i d e r  designed by B . I .  Cheranovskiy 
on which a rocke t  engine w a s  subsequent ly  mounted. 
a motor on a g l i d e r  could no t  be accomplished a t  t h a t  t i m e ,  bu t  i n  1940 p i l o t  
V.P. Fedorov f lew t h e  abovementioned SK-9 g l i d e r  w i th  a l i q u i d - f u e l  rocke t  engine 
mounted on i t .  Thus, t h e  f i r s t  manned f l i g h t  on an a i r c r a f t  wi th  a l i q u i d  f u e l  
rocke t  engine ,  s t i l l  w i t h i n  t h e  atmosphere, w a s  accomplished on an a i r c r a f t  de- 
s igned  by S.P. Korolev. 

The p r o j e c t  of mounting such 

During t h e  second World War S.P. Korolev worked on t h e  i n s t a l l a t i o n  of 
l i q u i d - f u e l  j e t  boos te rs  on f i g h t e r s  and d ive  bombers and pe r sona l ly  p a r t i c i p a t e d  

I i n  tes t  f l i g h t s .  

Sergey Pavlovich la ter  worked in t ense ly  on t h e  theory and p r a c t i c e  of rocke t  
engineer ing ,  from t i m e  t o  t i m e  combining h i s  work wi th  teaching  a t  i n s t i t u t e s  
of h ighe r  l ea rn ing .  

S.P. Korolev w a s  t h e  des igner  of space rocke t  systems on which t h e  wor ld ' s  
f i rs t  launchings of a r t i f i c i a l  e a r t h  s a t e l l i t e s  w e r e  accomplished, i nc lud ing  
t h e  launching of t h e  f i r s t  s a t e l l i t e  on October 4 1957, t h e  d e l i v e r y  of t h e  
Sovie t  emblem t o  t h e  moon, and the  fly-by and photographing of t h e  fa r  s i d e  of 
t h e  moon, which i n  essence meant t h e  c r e a t i o n  of new, experimental  astronomy to- 
g e t h e r  w i t h  t h e  long-exis ten t  obse rva t iona l  astronomy. 

~ 

Spaceships  were c rea t ed  under t h e  superv is ion  of S.P. Korolev on which equip- 
ment w a s  worked out  f o r  manned f l i g h t  i n t o  space and f o r  t h e  r e t u r n  of t h e  space- 
c r a f t  t o  e a r t h ,  a s  w e l l  as t h e  p i l o t e d  space s h i p s  Vostokll  and "Voskhod" on 
which man, f o r  t h e  f i r s t  t i m e  i n  h i s t o r y ,  completed a f l i g h t  i n t o  space and t h e  
f i r s t  space walk. 

Sergy Pavlovich taught  numerous s c i e n t i s t s  and engineers  who a re  p resen t ly  
working a t  many r e sea rch  i n s t i t u t e s  and des ign  departments i n  t h e  area of rocke t  
and space  technology. H e  had many pup i l s  and fo l lowers .  

I n e x h a u s t i b l e  energy, t a l e n t  as a s c i e n t i f i c  r e sea rche r ,  magn i f i c i en t  en- - 16 
g inee r ing  i n t u i t i o n ,  g r e a t  c r e a t i v e  boldness  i n  so lv ing  t h e  most complex s c i e n t i -  
f i c  and t e c h n i c a l  problems were combined i n  S.P. Korolev wi th  b r i l l i a n t  organi- 
z a t i o n a l  a b i l i t i e s  and h igh  personal  q u a l i t i e s .  

S.P.  Korolev w a s  h ighly  respec ted  and won t h e  esteem of a l l  who worked wi th  I 

I him. I n  1953 he w a s  e l e c t e d  a corresponding member of t h e  Academy of Sciences 
of t h e  USSR, and i n  1958 an Academician. 

The f r u i t f u l  a c t i v i t y  of Sergey Pavlovich Korolev earned t h e  g r a t i t u d e  of 
t h e  S o v i e t  people  and w a s  marked by high government awards. 
s e r v i c e  t o  t h e  Motherland he w a s  twice awarded t h e  t i t l e  of Hero of S o c i a l i s t  

For outs tanding  
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I . 
Labor, winner of t h e  Lenin P r i z e ,  and was awarded o rde r s  and medals of 
t h e  Sovie t  Union. 

S.V. Keldysh, p re s iden t  of t he  Academy of Sciences of t h e  USSR, s t a t e d  
t h a t  t h e  name of S.P. Korolev " w i l l  always b e  r e l a t e d  wi th  one of t h e  most out- 
s tanding  v i c t o r i e s  of s c i ence  and technology of a l l  times--the opening of t he  
era of man's conquest of space," and t h a t  Academician S. P. Korolev "belongs t o  
those  remarkable s c i e n t i s t s  of our  country who have made an i n d e l i b l e  contr ibu-  
t i o n  t o  t h e  development of world sc ience  and cu l tu re . "  

We cannot he lp  bu t  be s o r r y  t h a t  death has  terminated h i s  a c t i v i t y  and 
t h a t  he w i l l  no t  be  a b l e  t o  enjoy t h e  l a t e s t  achievements of a s t r o n a u t i c s  t o  
which he devoted h i s  e n t i r e  e f f o r t s .  

The memory of Academician Sergey Pavlovich Korolev, a t r u e  son  of t h e  
Communist P a r t y ,  who s e l f l e s s l y  served h i s  Motherland, w i l l  always be  preserved 
i n  our  country.  
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PRACTICAL SIGNIFICANCE OF THE SCIENTIFIC AND TECHNICAL PROPOSALS 
OF K.E.  TSIOLKOVSKIY I N  THE FIELD OF ROCKET ENGINEERING* 

S. P .  Korolev 

ABSTRACT. A b r i e f  h i s t o r y  of t h e  c o n t r i b u t i o n s  made by 
K. E. Tsiolkovskiy,  f a t h e r  of Russian rocke t ry .  The 
au tho r  reviews t h e  cont r ibu t ions  of Tsiolkovskiy t o  pres- 
e n t  day rocket  technology. 

I n  our day rocket  engineer ing i s  one of t h e  lead ing  areas of modern sc i ence  /7 
and technology. The t i m e  has long passed s i n c e  t h e  remote concepts of " f i e r y  
arrows" of a n c i e n t  China and I n d i a ,  of the rocke t  missiles of t he  Englishman 
Congrew and Russian gene ra l  K . I .  Konstantinov were a s soc ia t ed  wi th  rocke t s .  

During t h e  years  of t h e  second World War t h e  mortar  u n i t s  of t h e  Sovie t  
Army armed wi th  s o l i d - f u e l  rocket  p r o j e c t i l e s  o f t e n ,  whi le  p r o t e c t i n g  our  
Motherland, subjec ted  t h e  horde of Fasc i s t  b a n d i t s  t o  a n n i h i l a t i n g  d e s t r u c t i o n .  

During the  post-war years  a i r c r a f t  with j e t  engines  of d i f f e r e n t  types 
became i n c r e a s i n g l y  more widespread. The j e t  express  TU-104 f l i e s  t h e  a i r l i n e s .  
New,  remarkable models of high-speed j e t  a i r c r a f t  have been c rea t ed ;  s i g n i f i c a n t  
f l y i n g  speeds and a l t i t u d e s  have been achieved by a i r c r a f t ;  t h e  so-ca l led  ''sound 
b a r r i e r "  has  been l e f t  f a r  behind. 
m i l i t a r y  a i r c r a f t ,  are being developed, gene ra l ly  wi th  j e t  engines.  

Two types of a i r c r a f t ,  and i n  p a r t i c u l a r ,  

I n  high-speed a v i a t i o n  a t r a n s i t i o n a l  c r i t i c a l  per iod ,  so  t o  speak,  has  
p r e s e n t l y  arisen--from a i r c r a f t  t o  rocket .  Sovie t  p i l o t s  f o r  t he  f i r s t  t i m e  
i n  h i s t o r y  have flown a i r c r a f t  wi th  l i qu id - fue l  j e t  engines .  

Extens ive  i n v e s t i g a t i o n s  of the  upper l a y e r s  of t h e  atmosphere and space 
above t h e  atmosphere are being c a r r i e d  0u.t by t h e  Academy of Sciences of t h e  

ment and experimental  animals are being c a r r i e d  a l o f t  i n  rocke ts  and r e tu rned  
t o  e a r t h .  Sovie t  rocke t s  are  making f l i g h t s  a t  very g r e a t  a l t i t u d e s  above t h e  
e a r t h ' s  s u r f a c e  which no one has y e t  reached. 

USSR i n  ve r t i ca l  launchings of h igh -a l t i t ude  rocke t s .  Complex r e sea rch  equip- - 18 

The Sov ie t  Union i s  success fu l ly  t e s t i n g  super  long-range, i n t e r c o n t i n e n t a l ,  
m u l t i s t a g e ,  b a l l i s t i c  rocke t s .  
t o  launch rocke t s  t o  any reg ion  of t h e  e a r t h .  

The r e s u l t s  obtained show t h a t  i t  i s  p o s s i b l e  

During t h e  per iod  of t he  now approaching I n t e r n a t i o n a l  Geophysical Year 
dozens of rocke t s  w i l l  be launched t o  conduct s c i e n t i f i c  i n v e s t i g a t i o n s  accord- 
i n p ~  t o  d i v e r s e  proprams f o r  d i f f e r e n t  a l t i t u d e s  and i n  d i f f e r e n t  reg ions  of t h e  
*A r e p o r t  given by S.P. Korolev on September 1 7  1957 a t  t h e  ceremonial assembly 
meet ing of t h e  Academy of Sciences of the USSR devoted t o  the  One-Hundredth Anni- 
v e r s a r y  of t h e  b i r t h  of K. E.  Tsiolkovskiy.  An abridged verbatim r e p o r t  i s  
publ i shed .  
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Soviet  Union, inc luding  reg ions  of t h e  Far North and Sov ie t  expedi t ions  t o  t h e  
An ta rc t i c .  

I n  t h e  near  f u t u r e  t h e  f i r s t  t e s t  launchings of a r t i f i c i a l  e a r t h  s a t e l l i t e s  
w i l l  be  c a r r i e d  out  i n  t h e  USSR and USA. 

Sovie t  s c i e n t i s t s  are working on many new problems of rocke t  engineer ing ,  
f o r  example: on t h e  problem of sending rockets  t o  t h e  moon and luna r  fly-by, on 
t h e  problem of manned f l i g h t  i n  a rocke t ,  on problems of deep pene t r a t ion  and 
i n v e s t i g a t i o n  of space.  

This  i s  f a r  from a complete review of t h e  outs tanding  events  i n  t h e  a rea  
of s c i e n t i f i c  and technologica l  progress  a s s o c i a t e d  wi th  t h e  development and 
achievements of rocke t  engineer ing i n  the Sovie t  Union during the  p a s t  15-20 
yea r s .  

The remarkable p r e d i c t i o n s  of Konstantin Eduardovich Tsiolkovskiy concerning 
rocke t  f l i g h t  and f l i g h t s  i n t o  in t e rp l ane ta ry  space which he expressed more 
than  60 years  ago, are coming t r u e .  

Konstant in  Eduardovich wrote wi th  enormous f o r c e  and convic t ion  i n  one of 
h i s  le t ters :  "Man w i l l  n o t  remain e t e r n a l l y  on e a r t h ,  b u t  i n  t h e  p u r s u i t  f o r  
l i g h t  and space, he w i l l  a t  f i r s t  t imidly p e n e t r a t e  beyond t h e  l i m i t s  of t h e  
atmosphere and then  conquer a l l  s o l a r  space."* 

The most remarkable,  bo ld ,  and o r i g i n a l  c r e a t i o n s  of Tsiolkovskiy 's  creative 
mind were h i s  i deas  and works i n  t h e  area of rocke t  engineer ing.  Here he had 
no predecessors  and f a r  ou t s t r ipped  s c i e n t i s t s  of a l l  c o u n t r i e s  and w a s  f a r  ahead 
of h i s  t i m e .  

Konstant in  Eduardovich Tsiolkovskiy w a s  a s c i e n t i s t  and experimenter ,  s e l f -  /9 
educated,  who by h i s  u n t i r i n g  l abor s  independently r a i s e d  sc i ence  and s c i e n t i f i c  
f o r e s i g h t  t o  ex t r ao rd ina ry  he igh t s .  He w a s  an  inventor  who af f i rmed t h e  p r i o r i t y  
of our  Motherland by a number of outs tanding invent ions  and t e c h n i c a l  proposa ls  
i n  t h e  area of g l i d i n g ,  a v i a t i o n ,  and e spec ia l ly  i n  t h e  f i e l d  of rocke t  engineer- 
i n g ,  which now has such t o p i c a l  importance. 

H e  w a s  a s c i e n t i s t  and r e sea rche r  who bo ld ly  paved t h e  way t o  t h e  new, s t i l l  
uninvis ioned  i n  s c i e n c e ,  and as a t r u e  s c i e n t i s t  he b r i l l i a n t l y ,  s c i e n t i f i c a l l y  
s u b s t a n t i a t e d  h i s  d i scove r i e s .  And, f i n a l l y ,  he w a s  an  a rden t  p a t r i o t  of t h e  
Sov ie t  Motherland, an  i n d e f a t i a g a b l e  worker and eager  e n t h u s i a s t  of s c i ence ,  t o  
which he wholly devoted and gave h i s  l i f e .  

I n  1873 t h e  16-year-old Tsiolkovskiy went t o  Moscow. During h i s  Moscow 
pe r iod  t h e  gene ra l  d i r e c t i o n  of f u t u r e  endeavors, t e c h n i c a l  i d e a s  and works which 
Ts io lkovskiy  subsequent ly  followed during h i s  e n t i r e  l i f e ,  w a s  mapped ou t .  

This  p e r t a i n s . t o  h i s  thoughts a s  t o  whether var ious  p r o p e r t i e s  of matter 
- could  be  used f o r  r e a l i z i n g  some type of moving appara tus .  Thoughts of g r a v i t y  

' and  means of combatting g r a v i t y  occupied Tsiolkovskiy.  
*Letter of K. E. Tsiolkovskiy t o  B.  N .  Vorob'yev dated August 1 2  1911 (Archive 
of t h e  USSR Academy of Sciences) .  
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Thus, even then,  vague ideas  about the p o s s i b i l i t y  of manned f l i g h t  beyond 
the  l i m i t s  of t he  e a r t h ' s  g r a v i t y  o r ,  as he himself subsequent ly  s t a t e d ,  " fasc i -  
na t ing  dreams," took form i n  Tsiolkovskiy 's  conscience.  The f i r s t  p r o j e c t s  
proved t o  be f a i l u r e s ,  the f i r s t  a t tempts  t o  invent  ended unsuccessfu l ly ,  bu t  
t h i s  d id  no t  coo l  t h e  energy of Tsiolkovskiy.  

Many yea r s  of p e r s i s t e n t  work passed, agonizing doubts  i n  complete s o l i t u d e ,  
without  suppor t ,  wi thout  any sympathy, and o f t e n  wi th  o u t r i g h t  d i s p r o v a l  and even 
mockery addressed t o  t h e  queer ,  half-deaf school  p u p i l  and "mad inven to r , "  which 
Tsiolkovskiy w a s  considered by the  l o c a l  o f f i c i a l s  and b u r e a u c r a t i c  top eschelon 
of t h e  engineer ing  and t e c h n i c a l  s t ra ta  of tsarist  Russia .  

I n  1883, i n  h i s  work "Free Space,"  which w a s  a unique s c i e n t i f i c  d i a r y ,  
Tsiolkovskiy examines t h e  occurrence of t h e  s imples t  phenomena of mechanical 
motion i n  space without  t h e  e f f e c t  of g rav i ty  and drag.  

Examining methods of impart ing motion t o  a body i n  f r e e  space ,  Tsiolkovskiy 
a r r i v e d  a t  h i s  most b a s i c  and important fundamental conclusion,  t h a t  i t  i s  A m -  
p l e s t  t o  i m p a r t  motion t o  a f ixed  body ( o r  t o  change motion) by t h r u s t i n g  a 
m a s s  backward, i . e . ,  by t h e  r e a c t i o n  of p a r t i c l e s  t h r u s t  from a given body. 
This  i s  what Tsiolkovskiy w r i t e s  i n  h i s  work "Free Space'': 

- /10 

"28 March 1883. Morning. ... l e t  us  assume t h a t  w e  have a b a r r e l  f i l l e d  wi th  a s t r o n g l y  compressed 
gas .  I f  one of i t s  t h i n n e s t  stopcocks i s  turned ,  then  t h e  gas  w i l l  rush  from 
t h e  b a r r e l  i n  a continuous stream, whereby t h e  p re s su re  of t h e  gas  r e p e l l i n g  
i t s  p a r t i c l e s  i n t o  space w i l l  a l s o  continuously r e p e l  t h e  b a r r e l .  

"The r e s u l t s  of t h i s  w i l l  be a continuous change of motion of t h e  b a r r e l . . . .  
By means of a s u f f i c i e n t  number of stopcocks (6) i t  is  p o s s i b l e  t o  c o n t r o l  t h e  
escape of gas  so  t h a t  motion of t h e  b a r r e l  o r  t h e  hollow sphere w i l l  depend 
completely on t h e  d e s i r e s  of t h e  one con t ro l l i ng  t h e  s topcocks,  i . e . ,  t h e  
b a r r e l  can desc r ibe  some des i r ed  curve and obey some d e s i r e d  l a w  of ve loc i -  
t ies . .  . . 

"The motion of t h e  b a r r e l  can be changed only u n t i l  a l l  gas  has  escaped 
from it .  

... I n  gene ra l ,  uniform motion over a curve o r  r e c t i l i n e a r ,  nonuniform 1 1  

motion i s  a s s o c i a t e d  i n  f r e e  space wi th  continuous l o s s  of matter (support) ."* 

Thus, t h e  p r i n c i p l e  of j e t  propuls ion w a s  developed by Tsiolkovskiy a t  
t h e  ve ry  beginning of h i s  independent s c i e n t i f i c  a c t i v i t y .  

I n  t h e  a r t ic le  "Free Space'' t h e r e  a r e  no q u a n t i t a t i v e  r e s u l t s ,  o r  f i nd ings  
are  cons t ruc t ed  on q u a l i t a t i v e  conclusions from t h e  l a w  of conserva t ion  of 
momentum f o r  c losed  mechanical systems,  b u t  t h e  expediency of u s ing  t h e  r e a c t i o n  
of an  escaping  stream f o r  motion i n  f r e e  space  i s  formulated d i s t i n c t l y  and 

- c l e a r l y .  

K.E. 'Tsiolkovskiy: C o l l e c t i v e  works, Vol. 11. MOSCOW, Izd-vo AN SSSR, p.  5 2 ,  
' 1954. 
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I n  1896 Tsiolkovskiy f i n a l l y  a r r i v e d  a t  t h e  conclusion t h a t  t h e  only techni-  

This  classi-  
c a l m e a n s  f o r  f l i g h t  i n t o  ou te r  space i s  the rocke t .  
publ ished h i s  work " Inves t iga t ion  of World Space by Jet  Apparatus." 

problems of t he  theory of motion and t o  a v a r i e t y  of important fundamental techni-  
c a l  p roposa ls  i n  t h e  area of rocke t  engineer ing.  

I n  1903 Tsiolkovskiy 

. c a l  work i s  r i g h t f u l l y  considered t h e  world 's  f i r s t  s c i e n t i f i c  work devoted Go /11 

Tsiolkovskiy s a w  t h e  v a s t  f u t u r e  i n  the  development of rocke t  engineer ing ,  
H e  b u t  s imultaneously he  c l e a r l y  understood what d i f f i c u l t i e s  had t o  be  faced .  

wrote:  
a kind of rocke t ,  bu t  one t h a t  i s  grandiose and s p e c i a l l y  cons t ruc t ed .  The 
i d e a  i s  no t  new, b u t  t he  c a l c u l a t i o n s  pe r t a in ing  t o  i t  g ive  such remarkable 
r e s u l t s  t h a t  i t  would be impermissible t o  f a i l  t o  mention them. 

'I  ... as a r e sea rche r  of t h e  atmosphere I propose a j e t  appa ra tus ,  i . e . ,  

"This work of mine f a r  from examines a l l  a s p e c t s  of t h e  matter and does 
no t  s o l v e  i t  a t  a l l  from t h e  p r a c t i c a l  po in t  of view relat ive t o  f e a s i b i l i t y ;  
bu t  i n  t h e  f a r  f u t u r e  t h e  p rospec t s ,  s o  a l l u r i n g  and important t h a t  even now 
one can dream about them, are a l r eady  apparent through the  haze."* 

I I n  supplements t o  t h i s  work published i n  1911-1912 and 1914 and la te r ,  and 
i n  numerous works, a r t i c l e s ,  p r o j e c t s ,  and manuscripts  on which Tsiolkovskiy 
worked u n t i l  t h e  las t  days of h i s  l i f e ,  h e  examined a wide range of problems of 
a t h e o r e t i c a l ,  r e sea rch ,  and des ign  na tu re ,  as w e l l  as numerous problems having 
app l i ed  t e c h n i c a l ,  des ign ,  and technologica l  va lues .  

I n  developing theory and i n  i n v e s t i g a t i n g  l a w s  of rocke t  motion Tsiolkovskiy 
he ld  t o  a s t r ic t  sequence i n  h i s  works. A t  f i r s t  he solved t h e  s imples t  problem 
on t h e  assumption t h a t  during rocke t  f l i g h t  t h e r e  w a s  no f o r c e  of g r a v i t y  of 
drag .  This  problem is  now c a l l e d  Ts io lkovskiy ' s  f i r s t  problem. 

H e  in t roduced  t h e  hypothesis  of t he  constancy of t h e  r e l a t i v e  rate of re- 
j e c t i o n  of p a r t i c l e s  f o r  cer ta in  substances.  This hypothes is  is c a l l e d  
Ts io lkovsk iy ' s  hypothesis .  

H e  wrote  t h e  b a s i c  equat ion of motion of a rocke t  i n  a medium wi thout  t h e  
e f f e c t  of e x t e r n a l  f o r c e s ,  known as Ts io lkovskiy ' s  formula. I n  t h i s  equat ion 
t h e  r a t i o  of f u e l  weight t o  t h e  end weight of t h e  empty rocke t  i s  c a l l e d  the  
Ts io lkovskiy  number. H e  wrote a number of theorems bear ing  h i s  name. 

I When c a l c u l a t i n g  rocke t  motion a complicating f a c t o r  i s  t h e  apprec i ab le  - 112 
change i n  m a s s  of t h e  rocke t  appara tus  during t r a v e l .  This  cond i t ion  does no t  
permi t  u s ing  formulas of c l a s s i c a l  mechanics f o r  c a l c u l a t i o n .  An unquest ionable  
service of Tsiolkovskiy i n  developing rocket  theory w a s  t h e  e l a b o r a t i o n  of a 
number of app l i ed  problems of a new s e c t i o n  of c l a s s i c a l  mechanics--mechanics 
of bod ie s  of v a r i a b l e  mass--which he accomplished independent ly  of o the r  s imi l a r  
works. 

Having examined rocke t  motion i n  a medium without  t h e  e f f e c t  of e x t e r n a l  
f o r c e s ,  Tsiolkovskiy thoroughly inves t iga t ed  t h e  e f f ec t  of t h e  f o r c e s  of g r a v i t y  
and drag  on rocke t  f l i g h t .  It is  necessary t o  po in t  out  a c h a r a c t e r i s t i c  
K.E. Ts io lkovskiy :  Col lec ted  works, Vo l .  11, p.  73. 
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f e a t u r e  of Konstant in  Eduardovich--he w a s  a p e r s i s t e n t  b a t t l e r  f o r  overcoming 
the  fo rces  of g r a v i t y ,  he considered t h e  fo rce  of e a r t h ' s  g r a v i t y  t o  be ,  s o  
t o  speak, a chain binding mankind t o  t h e  su r face  of our p l ane t .  H e  c a l l e d  
the  range of  a c t i o n  of g r a v i t a t i o n a l  forces  t h e  armor of g r a v i t a t i o n .  

I n  almost a l l  h i s  works Tsiolkovskiy i n e v i t a b l y  re turned  t o  t h e  problem 
of combatting g r a v i t y .  H e  conducted i n v e s t i g a t i o n s  and c a l c u l a t i o n s  t o  de t e r -  
mine f u e l  reserves needed t o  overcome the  armor of g r a v i t a t i o n  and t o  f i n d  those  
opt imal  condi t ions  under which energy expendi ture  dur ing  takeoff  of a rocke t  
would be  minimal. 

An apprec iab le  p l ace  i n  h i s  i n v e s t i g a t i o n s  is occupied by t h e  problem of 
t h e  e f f e c t  of drag on rocke t  motion, f u e l  s u p p l i e s ,  and t h e  most advantageous 
f l i g h t  cond i t ions  necessary t o  p e n e t r a t e  t h e  e a r t h ' s  atmosphere. Tsiolkovskiy 
c a l l e d  t h e  range of a c t i o n  of drag t h e  armor of t h e  atmosphere. 

I n  h i s  t h e o r e t i c a l  works Tsiolkovskiy a r r i v e d  a t  a v a r i e t y  of  major conclu- 
s i o n s  which even today are widely employed i n  rocke t  engineer ing.  

Furthermore, as p r a c t i c a l  works developed and rocke t  engineer ing improved, 
i n c r e a s i n g l y  more conclusions and hypotheses of Konstant in  Eduardovich, which 
he  expressed long ago, w e r e  v e r i f i e d .  

H i s  i n v e s t i g a t i o n s  showed t h a t  v e l o c i t y ,  and, hence,  range of rocke t  f l i g h t  
i n c r e a s e  w i t h  an  inc rease  of t h e  r e l a t i v e  supply of explos ives  ( f u e l )  on board 
t h e  rocke t .  
any t e rmina l  v e l o c i t y  and any range. 

By supplying them i n  d i f f e r e n t  q u a n t i t i e s ,  i t  i s  p o s s i b l e  t o  achieve 

Veloc i ty  a t  the  end of combustion ( a t  t h e  end of t h e  powered f l i g h t  of t he  
rocke t )  proves t o  be  more, t h e  h igher  the r e l a t i v e  speed of t h e  r e j e c t e d  p a r t i -  
c l e s .  The speed of t h e  rocke t  a t  t h e  end of t h e  powered s e c t i o n  of t he  t r a j e c -  
t o r y  a l s o  inc reases  wi th  an  inc rease  i n  the  r a t i o  of i n i t i a l  rocke t  weight t o  
i t s  weight a t  t h e  end of combustion. 

/13 

A q u i t e  important  p r a c t i c a l  conclusion fol lows from t h e  Tsiolkovskiy 
formula: 
i n g  t h e  r e l a t ive  speeds of t h e  e j e c t e d  par t ic les ,  i .e . ,  by improving t h e  power 
p l a n t ,  t hen  by inc reas ing  the  r e l a t i v e  f u e l  supply on board t h e  r o c k e t ,  i . e . ,  
by improving i t s  des ign .  

h ighe r  rocke t  speeds can be accomplished more e f f e c t i v e l y  by increas-  

Ts io lkovskiy  w a s  t h e  f irst  t o  determine t h e  degree of u t i l i z a t i o n  o r  
e f f i c i e n c y  of a r o c k e t ,  having ind ica t ed  t h e  advantage of using rocke t  engines  
only  a t  h igh  speeds.  Examining problems of using l i qu id - fue l  r o c k e t s  f o r  f l i g h t  
i n  t h e  dense l a y e r s  of t h e  atmosphere, h e  a r r i v e d  a t  nega t ive  conclusions.  

Ts io lkovskiy  performed inves t iga t ions  and c a l c u l a t i o n s  p e r t a i n i n g  t o  rocke t  
launch and s e l e c t i o n  of opt imal  launch condi t ions  and examined a v e r t i c a l  launch,  
i n c l i n e d  launch,  and launch from a prescr ibed  i n i t i a l  he igh t .  

H e  performed t h e  f i r s t  ca l cu la t ions  t o  select  t h e  b e s t  ang le  of climb wi th  
c o n s i d e r a t i o n  of l o s s e s  t o  overcome forces  of g r a v i t y  and drag dur ing  f l i g h t  i n  
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a medium having a v a r i a b l e  dens i ty ,  change of t h e  a l t i t u d e  c h a r a c t e r i s t i c s  of 
an engine,  and many o t h e r  c a l c u l a t i o n s  and i n v e s t i g a t i o n s .  

A s p e c i a l  f e a t u r e  of t h e  c r e a t i v e  method of Tsiolkovskiy l a y  i n  t h e  thorough, 
p r a c t i c a l  e l a b o r a t i o n  of each problem examined. Under cond i t ions  of tsarist  
Russia Tsiolkovskiy had l imi t ed  opportuni ty  f o r  experimenting,  he d id  no t  have 
a t  h i s  d i s p o s a l  e i t h e r  equipped l a b o r a t o r i e s ,  o r  experimental  s t ands ,  o r  des ign  
departments and f a c t o r i e s .  H e  d id  not  have a s s i s t a n t s ,  and extreme independence 
and self-dependence w e r e  c h a r a c t e r i s t i c  of him. 

But he d id  not  simply t h e o r i z e ;  wi th  excep t iona l  i n s i g h t  and depth h e  supple- 
mented a l l  h i s ,  sometimes h ighly  unusual ,  t h e o r e t i c a l  conclusions wi th  such earn- 
es t  and d e t a i l e d  p r a c t i c a l  cons idera t ions  t h a t  a vast number of them found use  
and are widely employed even today i n  a l l  c o u n t r i e s  of t h e  world engaged i n  rock- 
e t  engineer ing.  

Here are some of t h e  most i n t e r e s t i n g  of t h e s e  problems. Konstant in  - I 1 4  
Eduardovich thoroughly inves t iga t ed  rocket e n e r g e t i c s ,  s e l e c t i o n  of f u e l  f o r  
engines ,  and t h e i r  cons t ruc t ion .  H e  formulated t h e  basic requirements r o r  r u e l s  
and hypotheses on t h e  s e l e c t i o n  of f u e l  i n  terms of t h e  h ighes t  energy producers  
p e r  u n i t  m a s s ,  h ighes t  p o s s i b l e  dens i ty  of t h e  f u e l ,  and i n  terms of a number 
of o t h e r  c h a r a c t e r i s t i c s .  Tsiolkovskiy s e t t l e d  h i s  s e l e c t i o n  on l i q u i d  f u e l  
w i th  t h e  u s e  of l i q u i d  oxygen, l i q u i d  hydrogen, and petroleum and i ts  der iva-  
t ives .  

1 

H e  proposed a s p e c i a l  de tona t ion  t u b e  i n  t h e  form of an  expanding cone 
and combustion chamber t o  which t h e  f u e l  w a s  de l ive red  by pumps, and proposed 
au tomat ic  c o n t r o l  of combustion processes i n  t h e  motor so as  t o  r e g u l a t e  i t s  
ope ra t ing  condi t ions  wi th  t h e  s p e c i f i c  condi t ions  of rocke t  t r a v e l  over a tra- 
j e c t o r y .  

I n  o rde r  t o  c r e a t e  t h e  most favorable  cond i t ions  f o r  f u e l  combustion, he  
had i n  mind the  es tab l i shment  of a g r i d  wi th  obl ique  a p e r t u r e  a t  t h e  i n l e t  t o  
t h e  de tona t ion  tube.  
number, s i z e ,  and s l o p e  of t he  ape r tu re s  i n  t h e  g r i d s  by experiment. 

Tsiolkovskiy suggested t h a t  i t  w a s  b e s t  t o  determine t h e  

Problems of cool ing  t h e  b l a s t  tube where extremely high temperatures should 
develop brought  up s p e c i a l  dangers.  This problem w a s  t o  be solved by cool ing  
t h e  tube  by t h e  f u e l  components o r  by some l i q u i d  m e t a l  s i t u a t e d  i n  a s p e c i a l  
j a c k e t  . 

Tsio lkovskiy  very thoroughly inves t iga t ed  ways of p r o t e c t i n g  t h e  b l a s t  tube  
a g a i n s t  t h e  e f fec t  of h igh  temperatures,  examined v a r i o u s  materials f o r  manufac- 
t u r i n g  t h e  tube ,  and proposed t o  p ro tec t  i t  by r e f r a c t o r y  o r  h e a t - r e s i s t a n t  
mater ia ls .  

H e  determined t h e  powers requi red  f o r  pump ope ra t ion  a t  d i f f e r e n t  combus- 
t i o n  p r e s s u r e s  and supply systems, and a l s o  i n v e s t i g a t e d  processes  of d e l i v e r y ,  
a tomiza t ion ,  i g n i t i o n ,  and combustion of f u e l .  

I n  Ts io lkovskiy ' s  works w e  can f ind mention of t he  probable  use  of atomic 
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energy, s o l a r  energy, and energy of cosmic r a d i a t i o n  t o  impart  motion t o  
t h e  rocke t .  

However, he q u a l i f i e d  h i s  ca l cu la t ions  by s t a t i n g  t h a t  they d id  not  pro- 
duce t h e  des i r ed  r e s u l t s  and t h a t ,  al though a l l  d i s c o v e r i e s  are p o s s i b l e  and 
dreams can unexpectedly be f u l f i l l e d ,  i n  h i s  works he wants t o  s t and  as much 
as p o s s i b l e  on p r a c t i c a l  s o i l .  

Tsiolkovskiy expressed t h e  i n t e r e s t i n g  thought of c o n t r o l l i n g  rocke t  f l i g h t  
by using t h e  energy of a s t ream of escaping gases .  
t u rn ing  t h e  end of a branch p ipe  of t h e  b l a s t  tube,  o r  a gas  rudder i n  t h e  form 
of p l a t e s  i n s t a l l e d  i n  t h e  gas stream. 

H e  proposed a device  f o r  

Tsiolkovskiy foresaw t h a t  manual con t ro l  of a rocke t  f l i g h t  would be  no t  
only d i f f i c u l t  bu t  p r a c t i c a l l y  impossible.  Therefore ,  automatic  equipment and 
gyroscope instruments  ought t o  be i n s t a l l e d  on board a rocke t  t o  genera te  t h e  
necessary  c o n t r o l  s i g n a l s .  Or i en ta t ion  i n  space dur ing  rocke t  f l i g h t  could be 
accomplished au tomat ica l ly  by a servo  system using magnetic p r o p e r t i e s  o r  f i x e d  
on t h e  sun or on some s t a r .  

A t  t h e  same t i m e  he proposed a i r  rudders ,  e l e v a t o r s ,  and something no t  un- 
l i k e  a i l e r o n s  designed f o r  ope ra t ing  when t h e  rocke t  f l i e s  i n  s u f f i c i e n t l y  
dense l a y e r s  of t h e  atmosphere. 

Tsiolkovskiy e l abora t ed  a v a r i e t y  of i n t e r e s t i n g  problems r e l a t e d  wi th  
rocke t  des ign ,  s e l e c t i o n  of i t s  shape, i n t e r n a l  components, arrangement of m a s s  
w i t h i n  t h e  rocke t ,  and p o s s i b l e  systems of va r ious  power and hermetic  connec- 
t i o n s  wi th  cons ide ra t ion  of t h e i r  operat ing condi t ions  i n  f l i g h t .  

H e  proposed t h e  use  of i n t e r n a l  pressure  i n  t h e  rocke t  t o  inc rease  i t s  
s t r e n g t h  and examined t h e  problem of maintaining and c o n t r o l l i n g  p res su re  
drops w i t h i n  t h e  most s u i t a b l e  l i m i t s ,  which, i n  t u r n ,  he  r e l a t e d  t o  t h e  prob- 
l e m  of dec reas ing  t h e  pas s ive  weight of t he  rocke t  a t  t h e  end of burning. 
H e  i n v e s t i g a t e d  t h e  condi t ions  and poss ib le  regimes of rocke t  hea t ing  as t h e  
rocke t  moved i n  t h e  dense l a y e r s  of t h e  atmosphere and proposed va r ious  schemes 
f o r  coo l ing  and hea t  p r o t e c t i o n .  

A s  Tsiolkovskiy developed h i s  self-contained rocke t  he never gave up t h e  
thought  t h a t  f l i g h t  v e l o c i t i e s  would be reached which would permit overcoming 
e a r t h ' s  g r a v i t y  and manned f l i g h t  i n  a rocket  i n t o  space.  
permeates through a l l  of Ts io lkovskiy ' s  works. H i s  des igns  of s e c t i o n a l ,  mul t i -  
s t a g e  r o c k e t s ,  and rocke t  t r a i n s ,  which he pondered a very  long t i m e  ago, are 
remarkable  and grandiose.  

This  a s p i r a t i o n  

This  i s  what Tsiolkovskiy wrote i n  1929 i n  h i s  work "Space Rocket Trains":  

By r o c k e t  r a i n  I mean t h e  connection of s e v e r a l  i d e n t i c a l  j e t  appara tus  
moving a t  f i r s t  a long a t r a c k ,  then  i n  a i r ,  then i n  t h e  vacuum ou t s ide  of t h e  
atmosphere,  f i n a l l y ,  somewhere between the p l a n e t s  o r  suns.  

II 
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Not only is a part of this train carried away into celestial space, but 11 

the remaining parts, not having sufficient speed, return to earth. 

A self-contained rocket must be given a large fuel supply to reach escape I t  

velocity; this hampers the construction of jet apparatus. 

A train makes it possible either to reach high speed velocities, or to I 1  

limit oneself to a comparatively small supply of the blasting constituents."* 

Tsiolkovskiy investigated the basic technical and flight characteristics 
and the initial data and parameters of sectional, multistage rockets in different 
versions. 

- 

It is difficult to overestimate the value of Konstantin Eduardovich's 
proposals for sectional, multistage rockets, and rocket trains. In essence 
this proposal opened space to man. 

The foregoing individual sections of Tsiolkovskiy's works, which abound 
in a mass of technical details, proposals, and ideas, are organically related 
in his works with theoretical concepts and proofs. Very much of this is al- 
ready being used and is in no way unusual and it is self-evident. 

Indeed, isn't the use of a rocket as a flying vehicle, liquid oxygen as 
one of the fuel components, and, for example, gas rudders for flight control 
obvious now, in our time. And all this was proposed by Tsiolkovskiy 60 years 
ago when heavier-than-air craft still did not exist and a rocket was only a 
pyrotechnic toy. 

Today the Soviet community is celebrating the One-Hundredth Birthday Anni- 
versary of the outstanding scientific worker in the field of rocket engineering 
and astronavigation, Konstantin Eduardovich Tsiolkovskiy. Soviet scientists 
will remember and praise his ideas, labors, and works, and will creatively de- 
velop and continue them. 

The most interesting and fascinating section in the works of Konstantin 
Eduardovich is that pertaining to the problem of interplanetary travel. It 
would be more correct to say that almost all the works of Tsiolkovskiy are 
purposefully directed and related with the theme of interplanetary flights. 

Even his works on jet apparatus for flight in the atmosphere Tsiolkovskiy 
regarded only as a step toward flight into space. He predicted that the era of 
propeller aircraft would be followed by jet stratoplanes and, finally, rocket 
trains of the future and artificial earth satellities in the form of habitable 
interplanetary stations. 

With the appearance and development of the idea of sectional, multistage 
rockets, and rocket trains, the problem of space flight with the use of pres- 
ently known chemical energy sources became a sufficiently real technical prob- 
lem. 

K. E. Tsiolkovskiy: Collected works, Vol. 11, pp. 299-300. 
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Tsiolkovskiy conducted ex tens ive  i n v e s t i g a t i o n s  and c a l c u l a t i o n s  p e r t a i n i n g  
t o  problems of f l i g h t  of an  in t e rp l ane ta ry  rocke t  beyond t h e  l i m i t s  of e a r t h ' s  
g r a v i t y ,  i t s  f u r t h e r  motion i n  f r e e  space, and t h e  p o s s i b i l i t y  of r e t u r n  t o  
e a r t h .  H e  determined t h e  opt imal  condi t ions of such f l i g h t s  under t h e  most 
d ive r se  v a r i a n t s  and w i t h  d i f f e r e n t  i n i t i a l  d a t a .  

Tsiolkovskiy w a s  t h e  f i r s t  t o  i n v e s t i g a t e  va r ious  t r a j e c t o r i e s  and charac- 
ter is t ics  of d i f f e r e n t  o r b i t s  of space rocke ts  dur ing  takeoff  from t h e  e a r t h  
and from t h e  s u r f a c e  of p l a n e t s  and a s t e ro ids .  

H e  examined t h e  probable  l i f e  condi t ions  of f u t u r e  i n t e r p l a n e t a r y  travelers 
i n  a rocke t .  To p r o t e c t  people  a g a i n s t  the e f f e c t  of a c c e l e r a t i o n  dur ing  takeoff  
and braking of t h e  rocke t ,  he proposed t o  submerge them i n  s p e c i a l  s u i t s  i n t o  
tanks wi th  a l i q u i d  having a d e n s i t y  c lose  t o  t h e  d e n s i t y  of t h e  human body. 

Foreseeing t h a t  a long s t a y  i n  a med ium wi thout  g r a v i t y  would be d i f f i c u l t  
f o r  t h e  human organism t o  endure,  Tsiolkovskiy proposed t o  c r e a t e  an a r t i f i c i a l  
f i e l d  of g r a v i t y  dur ing  f l i g h t  i n  an  i n t e r p l a n e t a r y  rocke t  o r  a r t i f i c i a l  e a r t h  
s a t e l l i t e .  

Tsiolkovskiy aga in  re turned  t o  t h e  idea  of us ing  t h e  sun ' s  r a d i a n t  energy - / 18 
f o r  supplementing t h e  energy reserves of an  i n t e r p l a n e t a r y  rocke t  and f o r  us ing  
t h i s  energy on an  a r t i f i c i a l  i n t e r p l a n e t a r y  s t a t i o n ,  e s p e c i a l l y  i f  i t  w a s  in-  
hab i t ed  f o r  a long per iod  of t i m e .  

The problem of a v a i l a b l e  energy supp l i e s  became e s p e c i a l l y  a c u t e  t o  
Ts io lkovskiy  i n  connect ion wi th  t h e  development of t h e  problem of r e t u r n i n g  t o  
e a r t h ,  o r ,  i f  t h e  need arise, landing on one of t h e  p l a n e t s  wi th  subsequent 
takeoff  from i t  and then descent  t o  t h e  e a r t h .  

Ts io lkovskiy  proposed a very i n t e r e s t i n g  s o l u t i o n  t o  the  problem of land- 
ing  a r o c k e t  on t h e  e a r t h  almost without  t h e  consumption of f u e l .  
case, t h e  r o c k e t ,  e n t e r i n g  the  e a r t h ' s  atmosphere, i s  braked, moving over a n  
o r b i t  around t h e  e a r t h  f o r  a t i m e  s u f f i c i e n t  f o r  t h e  enormous e n t r y  v e l o c i t i e s  
t o  dec rease  whi le  main ta in ing  i n  s o  doing regimes of hea t ing  and g-forces 
dur ing  d e c e l e r a t i o n  accep tab le  f o r  t h e  rocke t .  
by Yu. V.  Kondratyuk, a fol lower and pupi l  of Konstant in  Eduardovich. 

I n  t h i s  

This  i d e a  w a s  l a t e r  developed 

Ts io lkovskiy  p laced  s t r o n g  emphasis on t h e  problem of ,developing i n t e r -  
p l a n e t a r y  s t a t i o n s .  
enormous fundamental  f a c i l i t a t i o n  f o r  he ights  of space rocke t s ,  which according 
t o  h i s  op in ion  should be  based on these  s t a t i o n s ,  no t  only a magnif icent  scien-  
t i f i c  achievement,  b u t  a l so  t h e  p o s s i b i l i t y  of r e a l i z i n g  h i s  long-held dream 
of man's a c t u a l  conquest of s o l a r  space. 

I n  so lv ing  t h i s  grandiose problem he  s a w  no t  only t h e  

Ts io lkovskiy  proposed t o  cons t ruc t  t h e  i n t e r p l a n e t a r y  s t a t i o n  i t s e l f  ou t  
of several rocke t s  connected toge the r  after e n t e r i n g  o r b i t ;  i t  w a s  t o  be w e l l -  
equipped,  spac ious ,  f looded wi th  sun l igh t ,  and wi thout  t h e  burdensome restric- 
t i o n s  of e a r t h ' s  g r a v i t y .  

By burn ing  a s m a l l  quan t i ty  of f u e l ,  as t h e  need a rose ,  i t  w a s  proposed 
t o  change t h e  o r b i t  of t h e  in t e rp l ane ta ry  s t a t i o n .  Communication of t h e  s t a t i o n  
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I with  t h e  e a r t h ,  according t o  Tsiolkovskiy,  could be maintained by s p e c i a l  
rocke t s .  

Takeoff of space rocke t s  from t h e  region of t h e  i n t e r p l a n e t a r y  s t a t i o n  
would occur  under g r e a t l y  f a c i l i t a t e d  condi t ions ,  j u s t  as t h e i r  landing upon 
r e t u r n ,  s i n c e  i t  would be p o s s i b l e  t o  add  t o  t h e  rocke t  f u e l  s to red  beforehand 
on t h e  i n t e r p l a n e t a r y  s t a t i o n .  

Tsiolkovskiy proposed a scheme of a hea t ing  device  providing d i f f e r e n t  
temperatures  i n  t h e  l i v i n g  q u a r t e r s  of t h e  i n t e r p l a n e t a r y  s t a t i o n ,  us ing  s o l a r  
h e a t  . 

Here is  what he s a i d  wi th  r e spec t  t o  t h i s :  "The opaque p a r t  of t he  l i v i n g  
q u a r t e r s  i s  b lack  on t h e  ou t s ide .  A t  a small d i s t a n c e  from i t  i s  a second s k i n  
sh iny  on both s i d e s .  Its p a r t s  can r o t a t e  and become normal t o  the  su r face  
l i k e  t h e  q u i l l s  of a porcupine.  Then a lower temperature  i s  obtained.  When 
t h i s  armor covers  t h e  b lack  s u r f a c e ,  a higher degree of h e a t  i s  obtained.  This  
s k i n  can a l s o  be placed on t h e  t ransparent  p a r t  of t h e  l i v i n g  q u a r t e r s .  Then 
a lower temperature  can be produced. Depending on t h e  purpose of t h e  e t h e r a l  
chambers, t h e i r  cons t ruc t ion  can be be very d ive r se .  

" . . . A t  f i r s t  t h e r e  w i l l  be s imple homes s u i t a b l e  both  f o r  people  and f o r  
p l a n t s .  
mosphere, a s m a l l  q u a n t i t y  of carbon d ioxide ,  n i t rogen ,  and water vapor.  Here 
w i l l  be  some f e r t i l e  and moist  s o i l .  I t ,  i l l umina ted  by t h e  sun and sown, can 
produce r o o t  crops and o the r  p l a n t s  r i c h  i n  n u t r i e n t s .  People by t h e i r  r e s p i r a -  
t i o n  w i l l  s p o i l  t h e  a i r  and eat  t h e  f r u i t s ,  bu t  t h e  p l a n t s  w i l l  p u r i f y  t h e  a i r  
and produce f r u i t s  ."* 

They w i l l  be  f i l l e d  wi th  oxygen having a d e n s i t y  of 115 of t he  at- 

"The energy of s o l a r  r a y s  can be used f o r  e x i s t i n g  f o r  an i n d e f i n i t e l y  long 
t i m e  wi thout  an  atmosphere o r  p l ane t .  
f i e d  by p l a n t s  by means of t h e  sun,  so a l so  can our a r t i f i c i a l  atmosphere be  
regenera ted  .... J u s t  as t h e r e  i s  an  i n f i n i t e  mechanical and chemical turnover  of 
matter on t h e  e a r t h ' s  s u r f a c e ,  s o  a l s o  can t h i s  tu rnover  be accomplished i n  our  
s m a l l  world. . . .  

J u s t  as t h e  e a r t h ' s  atmosphere is pur i -  

[Ca lcu la t ions  show] t h a t  one square meter of greenhouse f ac ing  su.nl ight  1 1  

i s  s u f f i c i e n t  t o  feed  a man. But who prevents us from t ak ing  a greenhouse 
having an  enormous s u r f a c e  i n  a compacted form, i .e.,  i n  a s m a l l  volume!? 

'When c i r c u l a r  motion around t h e  ea r th  o r  sun is  e s t a b l i s h e d ,  w e  w i l l  
assemble and move ou t  from t h e  rocket  our a i r t i g h t  c y l i n d r i c a l  boxes with 
d i v e r s e  p l a n t  sp rou t s  and s u i t a b l e  soil."** 

Thus, t h e  necessary l i f e  support  condi t ions w i l l  be  provided on an i n t e r -  
p l a n e t a r y  s t a t i o n  f o r  a s u f f i c i e n t l y  long t i m e .  

I 

*K.E. Tsiolkovskiy:  Col lec ted  works, Vol. 11, p .  253. 
**K.E. Tsiolkovskiy.  Col lec ted  works, V o l .  11, pp. 128-130. 
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But g rav i ty !  Is i t  a necessary condi t ion  f o r  p l a n t  l i f e ?  I n  a l l  prob- - 120 
a b i l i t y  no, because as experiment shows a change i n  d i r e c t i o n  and of t h e  f o r c e  
of g r a v i t y  by c e n t r i f u g a l  f o r c e  does not  des t roy  t h e  process  of p l a n t  l i f e .  

Tsiolkovskiy d id  no t  doubt t he  p o s s i b i l i t y  of man l i v i n g  i n  space  provided 
c e r t a i n  condi t ions  w e r e  c r ea t ed .  

Rockets were known and t h e  launching of pyrotechnic  r o c k e t s  had been ob- 1 served by many long be fo re  Tsiolkovskiy.  However, only Ts io lkovskiy  pro- 
I posed a j e t  appara tus  similar t o  a rocke t  as a new and t e c h n i c a l  means 

f o r  achiev ing  unprecedented speeds and he igh t s  and f o r  takeoff  i n t o  t h e  bound- 
less world of t h e  cosmos. Herein l i e s  the g r e a t n e s s  of Ts io lkovsk iy ' s  t a l e n t ,  
h i s  excep t iona l  o r i g i n a l i t y  and d i s t i n c t i o n .  

Tsiolkovskiy expanded t h e  l i m i t s  of human knowledge, h i s  i d e a s  about 
p e n e t r a t i n g  space i n  a rocke t  are only now beginning t o  be recognized i n  a l l  
t h e i r  grandeur .  

Konstant in  Eduardovich labored t h e  greater p a r t  of h i s  l i f e ,  under 
t h e  severe s i t u a t i o n  of Tsarist Russia ,  surrounded by an insurmountable  
w a l l  of ignorance and ind i f f e rence .  

H e  wrote:  "The main purpose of my l i f e  w a s  t o  make something u s e f u l  f o r  
people ,  no t  t o  w a s t e  t h e  g i f t  of l i f e ,  t o  advance mankind i f  on ly  a l i t t l e  b i t .  
This  i s  why I w a s  n o t  i n t e r e s t e d  i n  whether bread o r  he lp  w a s  o f f e r e d  m e .  
I hope t h a t  my works, perhaps soon and perhaps i n  t h e  f a r  f u t u r e ,  w i l l  g i v e  
s o c i e t y  a mountain of bread and a s t o r e  of power."* 

But 

The Great October S o c i a l i s t  Revolution w a s  t h a t  powerful f o r c e  which in-  
s p i r e d  t h e  60-year-old Tsiolkovskiy wi th  new c r e a t i v e  d a r i n g  and o f f e r e d  him 
unheard of o p p o r t u n i t i e s .  H i s  name and h i s  works have become known and are 
c l o s e  t o  t h e  Soviet  people.  I n  h i s  dec l in ing  yea r s ,  s u f f e r i n g  w i t h  d i s e a s e ,  
Konstant in  Eduardovich took t o  h i s  work wi th  g r e a t  enthusiasm. ________ ~- 

He l i v e d  long enough so  t h a t  h i s  cher ished thoughts  of r o c k e t s  and man's 
e x p l o r a t i o n  of s te l la r  space ceased t o  be  considered an  u n r e a l i z a b l e  f a n t a s y  
and became a s c i e n t i f i c  and t e c h n i c a l  problem of our t i m e .  

Tsiolkovskiy bequeathed a l l  h i s  works on a v i a t i o n ,  rocke t  nav iga t ion ,  and - I 2 1  
i n t e r p l a n e t a r y  communications t o  t h e  Bolshevik Pa r ty  and Sov ie t  power--the t r u e  
l e a d e r s  i n  the  p rogres s  of human cu l tu re .  

Today w e  can say  t h a t  t h e  s c i e n t i f i c  legacy of Ts io lkovskiy ,  g iven  t o  t h e  
Bolshevik Pa r ty  and Sovie t  power, i s  not be ing  l e f t  on t h e  s h e l f  and i s  no t  
be ing  u t i l i z e d  dogmatical ly ,  bu t  i s  being c r e a t i v e l y  developed and s u c c e s s f u l l y  
cont inued by Sovie t  s c i e n t i s t s .  

A t  p r e s e n t ,  obvious ly ,  i t  i s  s t i l l  imposs ib le  t o  f u l l y  e v a l u a t e  t h e  e n t i r e  

*K. E. Tsiolkovskiy.  F i r s t  Model of a Pure ly  Metallic Aeronaut of Corrugated 
Iron. Kaluga, p. 1, 1913. 
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. 

s i g n i f i c a n c e  of t h e  s c i e n t i f i c  i deas  and t echn ica l  proposa ls  of Konstant in  
Eduardovich Tsiolkovskiy,  e s p e c i a l l y  i n  the area of p e n e t r a t i o n  i n t o  in t e rp l ane -  
t a r y  space.  

T i m e  sometimes inexorably wipes out  the traces of t h e  p a s t ,  bu t  t h e  ideas  
and works of Konstant in  Eduardovich w i l l  always a t t ract  inc reas ing  a t t e n t i o n  
as rocket  engineer ing  develops.  

Konstant in  Eduardovich Tsiolkovskiy was a man who l i v e d  long be fo re  h i s  
era and w e  should recognize him as a t r u e  and g r e a t  s c i e n t i s t .  
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THE FIRST ROCKET AIRCRAFT I N  THE USSR* 

K. I. Trunov 

ABSTRACT. The a c t i v i t y  of S. P.  Korolev, des igne r  of g l i d e r s  
t h a t  could c a r r y  rocke t  engines;  t h e  SK-9 (with engine t h e  
RP-318-1) rocket-propel led g l i d e r  equipped wi th  t h e  RDA-1-150 
rocke t  engine w a s  success fu l ly  t e s t e d  on February 28, 1940, 
by test p i l o t  T.  Fedorov. 

The g l i d e r  "Koktebel'" w a s  presented i n  1929 a t  t h e  S ix th  All-Union Gl ide r  
Competition he ld  i n  C r i m e a  and caused bewilderment i n  t h e  p a r t i c i p a n t s  of t h e  
competi t ion.  On one hand, t h i s  g l i d e r  was d i s t ingu i shed  by i t s  b e a u t i f u l  aero- 
dynamic forms and, on t h e  o the r  hand, had t h e  l a r g e s t  load  p e r  square meter, 
18.8 kg. It w a s  50-90 kg heavier  than  its competi tors .  It con t r ad ic t ed  t h e  
b a s i c  l a w s  of g l i d i n g ,  s i n c e  i t  w a s  considered t h a t  f o r  good soa r ing  a g l i d e r  
should have a small weight and small load p e r  square  meter. The des igner  of 
t h e  g l i d e r ,  Sergey Pavlovich Korolev, t e s t ed  i t  h imsel f ,  remaining i n  t h e  a i r  
4 hours  and 19 minutes.  The g l i d e r  flew no worse than i t s  l i g h t e r  compet i tors ,  
had a h igh  h o r i z o n t a l  speed, good s t a b i l i t y ,  and w a s  q u i t e  c o n t r o l l a b l e .  

Why t h e  des igner  of t h e  "Koktebel'" g l i d e r  increased  t h e  wing load remained 
incomprehensible t o  a l l .  

I n  1930 t h e  p a r t i c i p a n t s  of t he  next ,  Seventh All-Union Gl ider  Competition 
w e r e  s t a r t l e d  by t h e  d a t a  o f ,  S .  P. Korolev's g l i d e r  "Krasnaya Zvezda" (SK-3). 
This  g l i d e r  had a load  p e r  square meter of 22.5 kg. This w a s  so  unusual  t h a t  
i t  w a s  doubted whether t h e  g l i d e r  "Krasnaya Zvezda" could s o a r  i n  the  a i r  a t  . 
a l l .  The weather prevented t h e  competit ions.  F i n a l l y ,  on October 28 t h e  wind 
s t a r t e d ,  reaching 15 m / s e c ,  b u t  t h e  stream w a s  so  narrow t h a t  i t  d id  no t  permi t  
going any d i s t a n c e  from t h e  mountains. 
t h e  g l i d e r  "Krasnaya Zvezda" remained untested s i n c e  t h e  des igner  and p i l o t  of 
t h i s  g l i d e r  S. P. Korolev w a s  ill. 
of t h e  r a l l y ,  took i t  upon himself t o  t e s t  t h e  machine. 

Soon 
he gained a n  a l t i t u d e  of 300 m y  a f t e r  which, unexpectedly f o r  t h e  s p e c t a t o r s ,  
h e  began t o  d i v e  s t e e p l y .  
everyone had decided t h a t  a c ra sh  w a s  imninent. But,  100 meters from t h e  e a r t h ,  
t h e  g l i d e r  ab rup t ly  soared  upward and made a r i g h t  loop. 
i n  a l t i t u d e  and a second and t h i r d  loop. This  w a s  unprecedented and unheard o f .  
For t h e  f i r s t  t ime i n  t h e  world no t  one bu t  t h r e e  loops were performed on a 
g l i d e r  i n  f r e e  f l i g h t .  
i t s  t r u e  worth.  
i n  g l i d e r s .  

*Report g iven  on March 22, 1965 a t  t h e  73rd s e s s i o n  of t h e  Sect ion f o r  t h e  
Hi s to ry  of  Aviat ion and Ast ronaut ics  of t h e  Sov ie t  Nat iona l  Union of H i s t o r i a n s  
of Sc ience  and Technology. 

A l l  t h e  g l i d e r s  descended, and only 

P i l o t  Stepanchenok, head of t h e  f l i g h t  u n i t  
H e  ro se  i n  t h e  g l i d e r ,  

Krasnaya Zvezda," made a s t e e p  tu rn ,  and f lew along t h e  mountainslope. 11 

A commotion broke out  on t h e  g l i d e r  f i e l d  s i n c e  

Then followed a ga in  

The p i l o t s  very h ighly  eva lua ted  t h i s  achievement f o r  
The p o s s i b i l i t y  w a s  open f o r  teaching  s tuden t  p i l o t s  a c r o b a t i c s  

It seemed t h a t  t h e  key t o  understanding why t h e  g l i d e r  des igner  
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increased t h e  load on t h e  wing of h i s  g l i d e r s  w a s  found. 
t h i s  w a s  f a r  from so .  

But a c t u a l l y ,  
The reason w a s  uncovered many yea r s  later.  

During t h e  per iod from'1930 t o  1935, S. P .  Korolev cons t ruc t ed  a number 
of g l i d e r s .  The las t  g l i d e r ,  SK-9 ( t h e  same as the  RP-318-l), w a s  cons t ruc ted  
by him i n  1935. 
towed f l i g h t s  (Moscow-Crimea). 
25.9 kg. 

This  w a s  a two-seat c a n t i l e v e r  monoplane. It performed long 
The load per square  meter of t h i s  g l i d e r  w a s  

Only wi th  t h e  appearance of t h e  SK-9 g l i d e r  w a s  t h e  thought of t h e  g l i d e r ' s  
des igne r ,  which he had nur tured  from 1929 and f o r  which he  had s o  c a r e f u l l y  
prepared,  f i n a l l y  formulated.  S .  P. Korolev intended t h e  SK-9 f o r  i n s t a l l a t i o n  
of a rocke t  engine on i t .  
w a s  increased  from g l i d e r  t o  g l i d e r .  This w a s  an  extremely bold i d e a ,  i f  w e  
reca l l  t h a t  i n  1929 F. A. Tsander had j u s t  performed t h e  c a l c u l a t i o n  of h i s  
rocke t  engine,  and a t  t h e  end of 1930 began t o  test it .  The g l i d e r  des igner  
had no t  only t o  fo re see  f a r  ahead, bu t  a l s o  had t o  be f i r m l y  convinced of t h e  
f u t u r e  of rocke t  technology. 

For t h i s  purpose t h e  load per  square  m e t e r  of wing 

The f i r s t  ha l f  of t h e  1930s marked the beginning 'of  b u s t l i n g  a c t i v i t y  i n  
t h e  USSR i n  t h e  area of rocke t  technology. 
i n g  of young e n t h u s i a s t s  of rocke t  engineer ing were engaged i n  developing rock- 
e t  engines .  
f a c t u r e d  i n  t h e  USSR i n  1930-1931 a t  t h e  Gas Dynamic Laboratory (GDL) and l a t e r  
a t  GSJP, several dozens of rocke t  engines of d i f f e r e n t  schemes and des igns  w e r e  
cons t ruc t ed  dur ing  the  f i r s t  h a l f  of t he  1930s. True,  t h e s e  engines  were f a r  
from p e r f e c t ,  some exploded, b u t  they never the less  worked, and of course ,  arous- 
ed t h e  thought of t h e i r  u se  i n  f l y i n g  machines. 
by a group of rocke t  e n t h u s i a s t s ,  deserves p a r t i c u l a r  a t t e n t i o n  s i n c e  i t  gave 
rise t o  g r e a t  progress  i n  t h e  development of rocke t  engineer ing .  

Numerous u n i t s  and groups cons i s t -  

Following t h e  f i r s t  l i qu id - fue l  j e t  engines ,  developed-and manu- 

One such a t t empt ,  c a r r i e d  ou t  

A t  f i r s t ,  as a f i r s t  experiment,  i t  w a s  proposed t o  i n s t a l 1 , F .  A. Tsander 's  /24 
rocke t  engine  on B. I. Charanovskiy's "Flying Wing" RP-1 g l i d e r ,  which had been 
cons t ruc t ed  i n  1932. However, t h i s  work w a s  n o t  brought t o  completion, as a 
consequence of which t h e  f l i g h t  could not t a k e  p lace .  The SK-9 g l i d e r  proved 
t o  be  t h e  only one s u i t a b l e  a t  t h a t  time f o r  i n s t a l l i n g  t h e  rocke t  engine.  
a p l a c e  f o r  t h e  f u e l  tanks of t h e  rocket  engine w a s  provided f o r  on t h e  g l i d e r .  

Even 

A t  f i r s t  it w a s  proposed t o  mount the  ORM-65 engine,  developed by workers 
of t h e  GDL, on t h e  g l i d e r ,  b u t  then  i t  w a s  decided t o  mount t h i s  engine on a 
winged r o c k e t  and another  engine w a s  manufactured f o r  t h e  g l i d e r .  
a h a l f  w a s  spen t  cons t ruc t ing  t h e  new engine. It w a s  f i n i s h e d  i n  1939 and had 
t h e  d e s i g n a t i o n  RDA-1-150 No. 1. 

A year  and 

I n  v i e w  of t h e  long t i m e  t h a t  had passed s i n c e  t h e  manufacture of t h e  SK-9 
g l i d e r ,  i t  w a s  sub jec t ed  t o  a thorough examination, i t s  s t r e n g t h  c a l c u l a t i o n  
w a s  ana lyzed ,  and i t  w a s  turned over for  t h e  expe r t  adv ice  of t h e  Cen t ra l  Aero- 

. dynamic I n s t i t u t e .  The de tec t ed  de fec t s  of t h e  g l i d e r  were e l imina ted .  Sk i s  
. and a cowling f o r  t h e  rocke t  engine were a d d i t i o n a l l y  manufactured s i n c e  t h e s e  

were completely absent .  
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Four test f l i g h t s  w e r e  c a r r i e d  out  on the g l i d e r  t o  check i t s  f l i g h t  d a t a ,  
and f i v e  ground tests of t h e  rocke t  engine i n s t a l l e d  on t h e  g l i d e r  w e r e  made. 

The equipment of t h e  engine cons is ted  of t h e  rocke t  engine  f a s t ened  on 
a s p e c i a l  frame a t  t h e  end of t h e  fuse lage ,  f u e l  l i n e s  pass ing  i n s i d e  t h e  t a i l  
p a r t  of t he  fuse l age ;  tanks i n s t a l l e d  behind t h e  p i l o t ' s  seat and a t  t h e  p l ace  
of t h e  second seat; b a t t e r y  tanks fas tened  i n  t h e  wing c e n t e r  s e c t i o n ;  electri- 
ca l  b a t t e r i e s  fas tened  i n  t h e  nose p a r t  of t h e  fuse l age ;  and ins t ruments  on t h e  
instrument  pane l  t o  c o n t r o l  t he  opera t ion  of t h e  rocke t  engine.  Th i s  i n s t a l l a -  
t i o n  caused a change i n  t h e  ouside shape of t h e  g l i d e r  only i n  t h e  rudder  sec- 
t i o n .  
The d a t a  of t h e  SK-9 g l i d e r  and t h e  RDA-1-150 engine w e r e  as fol lows:  

The equipped p l i d e r  had a l l  elements of a n  a i r c r a f t  w i t h  a rocke t  engine.  

G l ide r  

Wing span 
Wing area 
Load p e r  squa re  meter 
Length 
Aspect r a t i o  
Takeoff weight 
Weight of r o c k e t  

i n s t a l l a t i o n  
Tank c a p a c i t y  

Thrus t  max. 
min . 

Consumption p e r  second 
a t  m a x i m u m  P 
a t  minimum P 

SK- 9 
(without engine) 

1 7  
2 2  
25.9 

1 3  
570 

7.28 

- 

l i t e r  - 

Data of RDA-1-150 Engine 

P r e s s u r e  of  f u e l  d e l i v e r y  
max /min a t m  

140 
70 

0.75 
0.5 

35/13 

RP-318-1 
(wi th  engine)  

17 
22 
30.5 

1 3  
670 
100. 

7.28 

60 

Tes t ing  of t h e  rocke t  a i r c r a f t  w a s  given t o  one of t h e  b e s t  g l i d e r  p i l o t s ,  
Vladimir Pavlovich Fedorov. H e  w a s  warned t h a t  t h i s  could be f a r  from a s a f e  
f l i g h t .  Fedorov, however, knowing a l l  the poss ib l e  dangers which could occur 
du r ing  t h e  t e s t ,  neve r the l e s s  without  any doubts agreed t o  test it .  
he s o  loved  t h e  work of a tes t  p i l o t  t h a t  he devoted himself  t o  t h i s  occupat ion 
e n t i r e l y .  

Afterward 

Before  us  l i es  a copy of t h e  prel iminary r e p o r t  on t h e  t e s t .  Although i t  
i s  p r i n t e d  an yel low,  s t i f f  wrapping paper,  i t  f i x e s  t h e  day of t h e  g r e a t  
achievement of t h e  Sovie t  Union, t he  day February 28 1940, t h e  f i r s t  f r e e  f l i g h t  
of a g l i d e r  wi th  a rocke t  engine.  Here is what t he  exce rp t s  from record No. 6 
of t h i s  r e p o r t  say:  
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' FLIGHT MISSION 

To tow g l i d e r  318 a t  H = 3000 behind an a i r c r a f t ,  t o  switch on t h e  rocke t  
engine. To hold t h e  speed a t  o r  below 160 km/hour. 

To keep the  p re s su re  i n  t h e  combustion chamber of t h e  rocke t  engine a t  10 
To keep t h e  engine ope ra t ing  u n t i l  a t m ,  which corresponds t o  70 kg of t h r u s t .  

t h e  f u e l  i s  used up. To f l y  wi th  the  engine ope ra t ing  along a s t r a i g h t  l i n e  
wi th  a g a i n  i n  a l t i t u d e .  

G l ide r  318 w a s  f i l l e d  wi th  f u e l  components: 10 kg of kerosene,  40 kg of 
n i t r i c  ac id .  

G l ide r  318 w a s  t e s t e d  by tes t  p i l o t  Comrade Fedorov. 

The crew of P-5 cons i s t ed  of p i l o t  Fikson, ch ief  engineer  of t h e  rocke t  
, engine Comrade A. P. P a l l o ,  and chief  engineer of KB-29 Comrade A .  Y a .  

Shcherbakov. 

Before t h e  f l i g h t  t h e  committee of the  Technical  Council of t he  People 's  
Commissariat of t h e  Aviat ion Indus t ry  granted t h e  permission t o  f l y  wi th  switch- 
i ng  on of t h e  rocke t  engine i n  t h e  a i r ,  which w a s  formulated by a w r i t t e n  
s ta tement .  

G l i d e r  318 behind t h e  P-5 towing a i r c r a f t  took o f f  a t  1 7 2 8  and gained a n  
a l t i t u d e  of 2800 m i n  31 min; g l i d e r  318 w a s  disengaged by p i l o t  Fedorov, a f t e r  
which he began t o  perform the  mission. 

P i l o t  Fedorov r epor t ed  on t h e  r e s u l t s  of performing the  mission as fol lows:  /26 
A f t e r  disengaging t h e  tow l i n e  f o r  g l i d i n g ,  I e s t a b l i s h e d  t h e  d i r e c t i o n  of 

f l i g h t  a t  a speed of 80 km, wa i t ing  f o r  t h e  P-5 a i r c r a f t  observing m e  t o  ap- 
proach,  and began t o  swi tch  on t h e  rocket engine.  

The rocke t  engine w a s  switched on according t o  i n s t r u c t i o n s .  S t a r t i n g  
of t h e  r o c k e t  engine occurred normally. 
The r o c k e t  engine w a s  switched on at H = 2600 m. 

A l l  c o n t r o l  instruments  worked w e l l .  

A smooth, no t  ab rup t  n o i s e  w a s  heard a f t e r  swi tch ing  on the  engine.  

Upon e s t a b l i s h i n g  a p res su re  of 12  a t m  i n  t h e  combustion chamber, which 
corresponded t o  a d e l i v e r y  p re s su re  i n  the f u e l  tanks of 22-24 a t m ,  t h e  rocke t  
engine had a smooth ope ra t ing  regime which he ld  u n t i l  complete consumption of 
t h e  f u e l  components. 

Approximately 5-6 seconds a f t e r  switching on t h e  rocke t  engine t h e  speed 
of t h e  g l i d e r  increased  from 80 km t o  140 km, a f t e r  which I se t  a f l i g h t  regime 
wi th  a cl imb t o  120 km and he ld  i t  u n t i l  t h e  end of opera t ion  of t h e  rocke t  
engine .  According t o  t h e  readings  of the var iometer ,  t h e  climb occurred a t  
a ra te  of 3 m p e r  second. 
w a s  a 300 m ga in  i n  a l t i t u d e .  
s topcocks w e r e  c losed  and t h e  p re s su re  removed, which occurred a t  H = 2900 m. 

During t h e  110-sec per iod  of rocke t  ope ra t ion  t h e r e  
When t h e  f u e l  components were consumed, t h e  f u e l  

~ ~ _ _ ~ _ _ _  _ _- _ _ ~ _  - 
I 
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I Afte r  switching on t h e  rocke t  engine t h e  a c c e l e r a t i o n  occurred very  smooth- 
During t h e  e n t i r e  ope ra t ion  of the  rocke t  engine I d i d  not  n o t i c e  any ef -  I l y .  

f e c t  on c o n t r o l l a b i l i t y  of g l i d e r  318. 
w e r e  not  pe rcep t ib l e .  

. The g l i d e r  behaved normally,  v i b r a t i o n s  

Acce lera t ion  from t h e  ope ra t ing  rocket  engine and i t s  use  f o r  c l imbing 
l e f t  a very  p l easan t  s e n s a t i o n  i n  m e ,  the p i l o t .  
engine,  t h e  descent  occurred normally. During descent  t h e r e  w a s  a number of 
deep s p i r a l s  and tact ical  maneuvers a t  speeds from 100 t o  165 km. 
t i o n  and landing were normal. 

Af t e r  switching of f  t h e  rocke t  

The ca lcu la-  

The f l i g h t  occurred under t h e  following temperature  cond i t ions :  

Ground temperature ,  5.6"C 
Temperature a t  H = 2900, 2°C 
Ground wind, southwest a t  5-7 m per minute 

The c r e w  observing from t h e  P-5 a i r p l a n e ,  Comrade Fikson,  Comrade 
Shcherbakov, and Comrade P a l l o ,  observed t h e  fol lowing:  

When p i l o t  Fedorov switched on t h e  rocke t  engine a s m a l l  cloud of smoke 
from t h e  i g n i t i o n  g r a i n  w a s  no ted ,  then  t h e  flame of t h e  s t a r t i n g  je ts  which 
l e f t  behind a t r a i l  i n  t h e  form of a l ight-gray stream, a f t e r  t h i s  t h e  flame 
of t h e  s t a r t i n g  je ts  disappeared and a tongue of flame 1-1.5 m long appeared 
from t h e  ope ra t ion  of t h e  rocke t  engine on t h e  b a s i c  components. 

- 128 

The ope ra t ion  of t h e  rocke t  engine on t h e  b a s i c  components a l s o  l e f t  be- 
hind a l i g h t  t r a i l  i n  t h e  form of a l igh t -gray  stream, which r a p i d l y  s c a t t e r e d .  
Combustion of t h e  f u e l  components i n  t h e  rocke t  engine w a s  complete. 

Diagram of rocke t  a i r c r a f t  EtP-318-1 

Following t h e  s t a r t u p  of t h e  rocke t  engine w e  observed t h a t  g l i d e r  318 
r a p i d l y  a c c e l e r a t e d  i n  h o r i z o n t a l  f l i g h t  and then began i t s  climb. While 
endeavoring t o  main ta in  a cons tan t  d i s tance  wi th  g l i d e r  318 t o  conduct observa- 
t i o n s ,  t h e  a i r c r a f t  P-5 dropped behind g l i d e r  318 d e s p i t e  a maximum inc rease  
of motor r e v o l u t i o n s .  I 
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The opera t ion  of t h e  rocke t  engine,  which we  observed, occurred smoothly 
from beginning t o  end. S t a r t i n g  up occurred normally. From t h e  a i r c r a f t  P-5 

. w e  could hear  no no i se  from t h e  rocke t  engine. 

A I 1  those  observing from t h e  ground, inc luding  members of t h e  Commission 
of t h e  People ' s  Commissariat of t h e  Aviation Indus t ry ,  s a w  a t  t h e  i n i t i a l  i n s t a n t  
of s t a r t i n g  up of t h e  rocke t  engine a cloud of smoke, a f t e r  which t h e  tongue of 
flame w a s  even during t h e  e n t i r e  t i m e  of engine ope ra t ion ,  which w a s  accompanied 
by an even n o i s e  c l e a r l y  aud ib le  on t h e  ground. A s  t h e  rocke t  engine ceased t o  
ope ra t e ,  a s m a l l  yel lowish cloud,  which quickly d i s s i p a t e d ,  w a s  observed. , 

RESOLUTION OF THE COMMISSION 

On t h e  b a s i s  of d i scuss ing  t h e  rocket-engine f l i g h t  and exchange of opinions 
wi th  t h e  t e c h n i c a l  commission of t h e  People 's  Commissariat of t h e  Avia t ion  In- 
d u s t r y ,  t h e  lat ter decided t o  cont inue f l i g h t  tests accord ing  t o  t h e  e s t a b l i s h e d  
program. 

The g l i d e r  smoothly landed a t  a prescr ibed  po in t .  A group of f u t u r e  sc ien-  

This  w a s  t h e  f i r s t  con t ro l -  ' 
tists and des igners  surrounded t h e  p i l o t ,  each wanted t o  i n q u i r e  pe r sona l ly  how 
t h e  f l i g h t  w a s ,  how t h e  g l i d e r  and engine behaved. 

, l e d  f l i g h t  wi th  a l i q u i d  f u e l  rocke t  engine. It opened a new era. 

P r i o r  t o  t h i s  f l i g h t  what w a s  known abroad i n  t h i s  area? A g l i d e r  f l i g h t  
w a s  accomplished i n  1928 i n  Germany by Stamer  on a s o l i d  p r o p e l l e n t  engine,  
which gave momentum t o  t h e  g l i d e r ,  a f t e r  which the  g l i d e r  f lew by i n e r t i a .  
These two f l i g h t s  are incomparable. 
c o n t r o l l e d  engine which operated 110 seconds, whereas t h e  longes t  du ra t ion  of 
burning of Stamer's  rocke t  d id  no t  exceed 30-40 seconds.  
ended w i t h  the  g l i d e r  burning. 

I n  the  USSR a r o c k e t  a i r c r a f t  f lew wi th  a 

Stamer's  experiments 

I n  1937 t h e  Heinkel Company i n  Germany made t h e  f i r s t  f l i g h t  tests of a 
l i q u i d  f u e l  rocke t  engine on t h e  H-112 a i r c r a f t .  
engine w a s  i n s t a l l e d  i n  t h e  t a i l  of t h e  a i r c r a f t  as a n  a d d i t i o n a l  engine t o  
t h e  main, p i s t o n  engine.  Consequently, t h i s  w a s  no t  a f r e e  f l i g h t .  F l i g h t  
tests w e r e  terminated owing t o  t h e  a i r c r a f t  c rash ing  dur ing  a forced  landing.  

Here t h e  l i q u i d - f u e l  rocke t  
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During 1934-1940 f l i g h t s  tests of a l i qu id - fue l  rocke t  engine designed 
by Dalmeyer w e r e  c a m i e d  ou t  i n  Germany on t h e  H e - 1 1 1  a i r c r a f t .  
t i m e  of t h e  engine d i d  n o t  exceed 30 sec.  The engine w a s  supposed t o  be  used 
as a s t a r t i n g  boos ter .  

The opera t ing  

I n  1939 t h e  Heinkel He-176 completed i t s  f i r s t  r e c t i l i n e a r  f l i g h t  i n  
Germany l a s t i n g  50 sec wi th  a Walter HWK R-1 l i q u i d  f u e l  rocke t  engine;  how- 
ever, work on t h i s  a i r c r a f t  w a s  later stopped. 

The f l i g h t  of S. P. Korolev's Soviet  rocke t  a i r c r a f t  RP-318-1 w a s  excep- 
t i o n a l l y  important  f o r  t h e  development of Soviet  rocke t  engines ,  f o r  f u t u r e  
b a l l i s t i c  r o c k e t s ,  and carrier rockets .  Everyone s a w  wi th  t h e i r  own eyes t h a t  
t h e  t i m e  f o r  t h e  p r a c t i c a l  use  of rocket  engines  w a s  q u i t e  c l o s e .  The f l i g h t  
i n  1942 by p i l o t  G.  Y a .  Bakhchivandzhi on t h e  B I - 1  a i r c r a f t  confirmed t h i s .  
Fol lowing him came t h e  remarkable achievements of t h e  Sovie t  people  i n  space ,  
which began w i t h  t h e  launchin4  of t h e  world 's  f i r s t  a r t i f i c i a l  sa te l l i te  ~ _ _ _  __ - --_ -~~ 

' 1  designed and-constructed ~ under _ _  ~ _ _ _  the superv is ion  of S. P. Korolev.II_-- 
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On February 28, 1940, 25 years ago, the modest first flight of the rocket 
aircraft RP-318-1 proved to be the spark which gave rise to the flame of great 
achievements of the Soviet people in space. We will always remember this, 
we will always remember the glider creator--S. P. Korolev. 
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ALL-UNION CONFERENCE ON THE USE OF JET 
AIRCRAFT I N  MASTERING THE STRATOSPHERE* 

Yu. V. Biryukov 

ABSTRACT. The F i r s t  All-Union Conference on Use of Rocket- 
propel led  F l i g h t  Apparatus for.,Conquering t h e  S t r a tosphe re  
w a s  he ld  i n  MOSCOW, March 2-3, 1935. The in t roduc to ry  re- 
p o r t  w a s  given by M. K. Tikhonravov; i t  w a s  an a n a l y s i s  of 
t h e  p re sen t  s ta te  of rocke t  technology. S. P. Korolev re- 
por ted  on t h e  progress  being made i n  designing of rocke t  
p lanes .  V. P. Vetchinkin reported on rocke t  dynamics. 
Other r e p o r t s  covered gas and aerodynamics, wind t u n n e l s ,  
j e t  f u e l ,  and f l i g h t  medicine. 

The conquest of unknown spaces w a s  always and remains t h a t  p a r t  of human 
a c t i v i t y  which e s p e c i a l l y  a t t r ac t s  t h e  a t t e n t i o n  of broad masses of people .  
The f i r s t  h a l f  of our  century w a s  a time when man conquered t h e  a i r  ocean, 
p e n e t r a t i n g  ever h igher  i n t o  i ts  "depth," and t h e  s t r a t o s p h e r e  w a s  t h e  main l i n e  
of t h i s  attack. P a r t i c u l a r  a t t e n t i o n  was devoted t o  conquering t h e  s t r a t o s p h e r e  
i n  t h e  1930s,  when each event of "storming t h e  s t r a tosphe re"  became an event  i n  
t h e  p u b l i c  l i f e  of t h e  country.  One such event  w a s  t h e  F i r s t  All-Union Con- 
f e rence  f o r  t h e  U s e  of Jet  A i r c r a f t  i n  Mastering t h e  S t r a tosphe re ,  which w a s  
he ld  by t h e  Jet Research I n s t i t u t e  and S t r a tosphe re  Committee of AviaVNITO 
a y e a r  a f t e r  t h e  F i r s t  All-Union Conference f o r  t h e  Study of t h e  S t r a tosphe re ,  
convoked by t h e  USSR Academy of Sciences,  w a s  s u c c e s s f u l l y  he ld .  The founder 
of a s t r o n a u t i c s ,  K. E. Tsiolkovskiy,  w a s  i n v i t e d  t o  t h i s  conference,  and then  
w a s  e l e c t e d  Honorary Chairman of t h e  Presidium. Although t h e  g r e a t  s c i e n t i s t  
could no t  b e  p re sen t  a t  t h e  conference,  h e  a r d e n t l y  welcomed and h igh ly  
esteemed i ts  work. 

/30 

The F i r s t  All-Union Conference f o r  the  U s e  of Jet A i r c r a f t  i n  Master ing 
t h e  S t r a t o s p h e r e  w a s  held i n  Moscow a t  the Cen t ra l  House of t h e  Red Army on 
March 2-3, 1935. I n  a l l ,  t h e r e  were th ree  s e s s i o n s  and 50 r e p o r t s  w e r e  heard.  
When s e t t i n g  ou t  t o  b r i e f l y  review t h e s e  r e p o r t s ,  i t  i s  necessary  t o  no te  t h a t ,  
d e s p i t e  t h e  survey c h a r a c t e r  of t h e s e  r e p o r t s ,  no t  one of them w a s  of a random, 
a b s t r a c t  n a t u r e ,  b u t  backed up by a specif ic  d i r e c t i o n  i n  t h e  i n v e s t i g a t i o n s  
t h a t  had been c a r r i e d  out and, what is  e s p e c i a l l y  important ,  a l l  r e p o r t e r s  
supported t h e  "establ ishment  on1 on real t h i n g s ,  on s c i e n t i f i c a l l y  founded 
and no t  on f a n t a s t i c  prospec ts .  IlT* 

I M. K.  Tikhonravov, engineer  of RNII and-the des igner  of t h e  f i r s t  Sovie t  /31 
t 
l i q u i d  f u e l  wingless  r o c k e t s ,  i n  h i s  in t roductory  r e p o r t ,  "Prospects  of t h e  
*Report g iven  on March 22, 1965 a t  t h e  73rd s e s s i o n  of t h e  Sec t ion  f o r  t h e  
Hi s to ry  of Av ia t ion  and Ast ronaut ics  of the Sov ie t  Nat iona l  Union of H i s t o r i a n s  
of Science and Technology. 
**Tekhnika vozdushnogo f l o t a ,  no. 7 ,  p. 35, 1935. 



. Development of Rocket Technology and Conquest of t h e  Stratosphere"* gave a de- ,  
t a i l e d  review of t h e  s ta te  of rocke t  technology of t h a t  t i m e  and s p e c i f i c a l l y  
examined t h e  problem of t h e  r ap id  development of s t r a t o s p h e r e  rocke t s .  . 

The f i r s t  p a r t  of t h e  r e p o r t  even today can serve as a t r u e  specimen of 
s c i e n t i f i c  popu la r i za t ion  of rocke t  technology. Arguing a g a i n s t  t h e  opin ion  
extremely widespread i n  t h e  popular  l i t e r a t u r e  a t  t h a t  t i m e  t h a t  "by means of 
a rocke t  engine i t  is p o s s i b l e  t o  achieve c o l o s s a l  ga ins  i n  almost a l l  areas 
of technology and t h a t  i t  should r ep lace  a l l  o t h e r  less advantageous engines"**, 
t h e  r e p o r t e r  i n d i c a t e d  t h a t  d e s p i t e  t h e  fac t  t h a t  ' ' the  appearance of a l i q u i d  
f u e l  rocke t  engine is a f a c t o r  of progress i n  modern technology,  t h i s  engine 
can i n  no case r e p l a c e  a s i n g l e  one of t h e  e x i s t i n g  types  of engines  i n  t h e  
areas of u s e  of which i t  w i l l  be  less perfect: and less advantageous.  

The appearance of t h e  rocke t  engine opens new means f o r  t r a v e l l i n g  i n  
those  spaces  of our world and t h e  universe  which are i n a c c e s s i b l e  a t  p re sen t  
t o  a i r c r a f t  equipped w i t h  any o t h e r  engine."*** 

Fur the r ,  Tikhonravov s c i e n t i f i c a l l y  demonstrated t h a t  t h e  rocke t  engine 
i s  an  engine of h igh  speeds.  And a l l  a t tempts  t o  u s e  i t  i n  ground t r anspor t a -  
t i o n  are as soc ia t ed  e i t h e r  wi th  c e r t a i n  p u b l i c i t y  purposes ,  o r  a t t r i b u t e d  t o  
t h e  inadequate  s c i e n t i f i c  and t e c h n i c a l  knowledge of t h e  inven to r s .  The e f f ec -  
t ive  area of u s e  of a rocke t  engine i s  "where i t  w i l l  g ive  us  an advantage over 
o t h e r s ,  namely i n  s t r a t o s p h e r e  and extraatmosphere transportation."**** 

I n  pass ing ,  Tikhonravov dwelled on  t h e  p rospec t s  of the development of t h e  
j e t  engine.  H e  s a i d :  " . . .we  have a t  hand n o t  only t h e  theory  of such an engine 
(developed by P ro f .  Stechkin)  'bu t  a l s o  t h e  p r a c t i c a l  p roposa ls  on t h e  scheme of 
i ts  c o n s t r u c t i o n  (engineer  Tsander, and o t h e r s ) .  
a t t e n t i o n  i s  no t  devoted t o  t h i s  engine on t h e  p a r t  of t h e  workers of our  motor 
i n d u s t r y  ... i n  t h e  f u t u r e  t h e  r o l e  of t h e  j e t  engine i n  t h e  development of s t ra , to -  
sphe re  t r a n s p o r t a t i o n  w i l l  be  most significant."***** 

W e  can  hope t h a t  complete 
/32 

Evalua t ing  t h e  p o s s i b i l i t i e s  of a rocket  f o r  s t r a t o s p h e r e  exp lo ra t ion ,  t h e  
r e p o r t e r  noted t h a t  a rocke t  f o r  a l t i t u d e s  above 30-40 km w i l l  be  t h e  main and 
only  means of e x p l o r a t i o n ,  whereas i n d i r e c t  methods of i n v e s t i g a t i o n ,  ac t ino -  
metric,  a c o u s t i c ,  and astronomic,  a r e  a l ready  supplementary t o  rocke t  explora-  
t i o n .  

Of p a r t i c u l a r  i n t e r e s t  i s  t h e  second p a r t  of t h e  r e p o r t .  Here a method f o r  
t h e  des ign  and b a l l i s t i c  a n a l y s i s  of a rocket  is  presented  f o r  t h e  f i r s t  t i m e  f o r  
a s imple  case: ver t ica l  f l i g h t  of a s ingle-s tage  l i q u i d - f u e l  rocke t .  
c h a r a c t e r i s t i c s  of i n d i v i d u a l  elements of the  r o c k e t  s t r u c t u r e  were presented ,  
its weight  equat ion  w a s  cons t ruc t ed ,  and graphs of rocke t  climb as a f u n c t i o n  of 

' t h e  r a t i o  of masses, d ischarge  v e l o c i t y ,  and i n i t i a l  rocke t  mass are given. 

Weight 

1 
*Tikhonravov, M. K.: U s e  of Rockets f o r  Explor ing t h e  S t r a tosphe re .  Rocket 
Technology (Raketnaya t ekhn ika ) .  Moscow-Leningrad, pp. 18-33, 1936. 
**Ibid. ,  p .  18. 
***Ibid., p .  18. 

. ****Ibid. , p. 19.  
. *****Ibid., p.  20. \ I * ' -  . -  
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An a n a l y s i s  performed by t h e  r epor t e r  showed t h a t  t h e  level  achieved by 
rocke t  technology i n  1935 permi ts  developing a s t r a t o s p h e r e  rocke t  of a s imple 
des ign  wi th  a high-pressure a i r  conta iner  w i t h  t h e  fo l lowing  c h a r a c t e r i s t i c s :  

I n i t i a l  m a s s  200 kg 
Design m a s s  69 kg 
Mass of u s e f u l  load ( instruments ,  parachute)  9 kg 
Mass of f u e l  122 kg 
Exhaust v e l o c i t y  2000 m/sec 
Maximum height  of rise 45 km 

The des ign  of such a rocket  w a s  examined. 

Later, M. K. Tikhonravov dwelled i n  d e t a i l  on t h e  problem of i nc reas ing  t h e  
maximum a l t i t u d e  and ind ica t ed  what would r e s u l t  from an  i n c r e a s e  of t h e  exhaust  
v e l o c i t y  and decrease  i n  t h e  r e l a t i v e  weight of t h e  s t r u c t u r e  and how t h e s e  i m -  
provements of t h e  rocke t  parameters could b e  achieved. It w a s  i nd ica t ed  t h a t  
i n  t h e  nea r  f u t u r e  an a l t i t u d e  of more than 500 km could be achieved by a 
s ing le - s t age  rocke t  wi th  t h e  use  of pump d e l i v e r y ,  and even a g r e a t e r  a l t i t u d e  
by means of s e c t i o n a l  rocke t s .  The r e p o r t e r  noted t h e  va lue  of t h e  pro- 
p o s a l s  by V. P.  Vetchinkin,  Yu. V. Kondratyuk, and F. A. Tsander d i r e c t e d  toward 
t h e  development of i deas  of s e c t i o n a l  rocke ts ,  and a t  t h e  same t i m e  i nd ica t ed  
t h e  cons ide rab le  complexity of t h e  t echn ica l  s o l u t i o n  to t h e  problem of develop- 
i n g  such rocke t s .  

It i s  necessary t o  p o i n t  ou t  t h e  fundamental t h e s i s  of t h e  r e p o r t  r e l a t i n g  
technology of  1935 wi th  t h e  achievements of today: "Explorat ion of t h e  s t r a t o -  
sphe re  i s  n o t  t h e  end purpose of t h e  development of rocke t  engineer ing.  
is only  a means t o  ge t  f i rmly  e s t ab l i shed ,  t o  prepare  t e c h n i c a l l y  f o r  man t o  
r i s e  a t  f i r s t  i n t o  t h e  upper l a y e r s  of the atmosphere, then  t o  go beyond i t  and 
f i n d  ways i n t o  space t o  o t h e r  c e l e s t i a l  bodies."* 

This  /33 

Having touched upon problems of space f l i g h t ,  Tikhonravov d iscussed  t h e  
p rospec t s  of  us ing  r a d i a n t  energy, and pr imar i ly ,  s o l a r  energy as t h e  prime 
mover of a space rocke t .  I n  pass ing  i t  should b e  poin ted  ou t  t h a t  a t  t h a t  t i m e  
he  had made a s e r i o u s  i n v e s t i g a t i o n  of the use  of r a d i a n t  energy f o r  space 
f l i g h t ,  i n  which a promising scheme of a nuclear-hydrogen engine ope ra t ing  on 
e lectr ical  energy produced by s o l a r  b a t t e r i e s  w a s  proposed f o r  t h e  f i r s t  t i m e ,  
and des ign  c a l c u l a t i o n s  of a rocke t  w i t h  such an  engine f o r  manned f l i g h t  t o  t h e  
moon w e r e  f i r s t  c a r r i e d  o u t .  This  i n v e s t i g a t i o n  w a s  publ i shed  i n  1936** and now 
i t  should b e  regarded as a t r u e  landmark i n  t h e  development of Soviet  a s t ro -  
n a u t i c s .  

I n  concluding h i s  r e p o r t  Tikhonravov poin ted  o u t  t h e  cons iderable  a t t e n t i o n  
which i s  be ing  devoted t o  rocke t s  abroad and expressed t h e  conv ic t ion  t h a t  " in  
the development of rocke t  technology the  USSR, a country where soc ia l i sm is  be ing  

*Ib id ,  p. 32. 
"Tikhonravov, M. K. :  Ways of U t i l i z i n g  Solar  
P ropu l s ion  (Realctivnoye dvizheniya) .  No. 2 ,  

Energy f o r  Space F l i g h t .  Jet 
Moscow-Leningrad, pp. 109-140, 1936. 
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b u i l t ,  a country of new technology, should b e  and w i l l  be  i n  t h e  front ."* , 

p r o f i l e ,  c e n t r a l l y  s i t u a t e d  fuse l age ,  with t h e  t a i l  assembly f a s t ened  t o  t h e  end 
of t h e  fuse l age .  The fol lowing e x t e r n a l  c h a r a c t e r i s t i c s  w i l l  be  i n h e r e n t  t o  it: 
small span., s m a l l  aspect r a t i o ,  and s m a l l  s i z e  of t h e  l i f t i n g  s u r f a c e .  The fuse-  

S. P. Korolev, engineer  of RNII and leading  des igne r  of winged c r a f t ,  gave 
a d e t a i l e d  r e p o r t  "A Winged Rocket f o r  Manned Flight."** 
r e p o r t  are today of g r e a t  h i s t o r i c a l  i n t e r e s t  s i n c e  it p r e s e n t s  f o r  t h e  f i r s t  t i m e ,  
on a s c i e n t i f i c  basis, t h e  f e a t u r e s  and poss ib l e  scheme of a winged p i l o t e d  

The c o n t e n t s  of t h i s  

rocke t  ( rocke t  a i r c r a f t ) ,  i t s  design weight a n a l y s i s ,  and a n a l y s i s  of its f l i g h t  I 
c h a r a c t e r i s t i c s .  ~ 

It is  i n t e r e s t i n g  t o  dwell  on t h e  problems noted i n  t h e  r e p o r t  which de- 
s i g n e r s  of rocke t  a i r c r a f t  faced i n  1935. 
p o r t e r  s a i d  t h a t  h e r e  "a powerful l i q u i d  f u e l  rocke t  engine occupies  t h e  main 
p lace .  
on achievements i n  t h i s  area." 
cabin:  i t s  cons ide rab le  s i z e ,  complexity of concluding any k ind  of c o n t r o l ,  and, 
mainly,  i t s  apprec iab le  weight"***; p r o t e c t i o n  of t h e  p i l o t  a g a i n s t  t h e  harmful 
e f f e c t  of l a r g e  g-forces dur ing  f l i g h t ;  the  need f o r  achiev ing  good f l i g h t  char- 
acterist ics and apprec iab le  increase of i n i t i a l  weight of  t h e  r o c k e t ,  w i th  which 
is  r e l a t e d  t h e  enormous " d i f f i c u l t y  of  developing and ope ra t ing  such a vast 
h i g h - a l t i t u d e  c r a f t  and t h e  ex t raord inary  d i f f i c u l t i e s  of working w i t h  vast 
q u a n t i t i e s  of l i q u i d  gases,"**** requi red  as f u e l  f o r  i t .  

Concerning t h e s e  problems t h e  re- 

The r e a l i z a t i o n  of manned f l i g h t  i n  a r o c k e t  a i r c r a f t  depends d i r e c t l y  
Other urgent  problems were: "a p r e s s u r i z e d  

Today w e  can say  w i t h  p r i d e  i n  Soviet  technology t h a t  a l l  t h e s e  then  
seemingly extremely d i f f i c u l t  problems have been s u c c e s s f u l l y  overcome and are 
now behind us .  

Having examined t h e  c h a r a c t e r i s t i c s  of  a r o c k e t  a i r c r a f t  and t h e  problems 

The numerous graphs i l l u s t r a t i n g  t h i s  part 
r e l a t e d  w i t h  i ts  development, t h e  r epor t e r  moved on t o  a des ign  a n a l y s i s  of i ts  
f l i g h t  and weight c h a r a c t e r i s t i c s .  
of t h e  r e p o r t ,  compiled on t h e  b a s i s  of s p e c i f i c  des ign  i n v e s t i g a t i o n s  ca rk ied  
u t  a t  t h a t  timc-aL RNII, are of cons iderable  i n t e r e s t  s i n c e  they  ve ry  com- 

;%P1Efbid., p .  36 
, ****Ibid., p. 44 .  

+ Technology (Raketnaya tekhnika)  . *Tikhonravov, M. K . :  U s e  of Rockets f o r  I n v e s t i g a t i n g  t h e  S t r a tosphe re .  

**Tekhnika vozdushnogo f l o t a ,  No. 7, pp. 35-56, 1335. 

Rocket 
Moscow-Leningrad , p . 33, 1936. 
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p l e t e l y  r e f l e c t  t h e  real  level of achievements of rocke t  technology of t h a t  t i m e .  
A s  an example, w e  can  i n d i c a t e  t h e  graphs of t h e  dependence of t h e  weight of  
single-chamber and multichamber l i q u i d  f u e l  rocke t  engines  on t h r u s t ,  weight of 

p re s su re ,  maximum he igh t  of rise on r a t i o  of masses, on i n i t i a l  thrust-weight  
r a t i o ,  etc.  

tanks,  on f u e l  supply,  weight of t h e  pump u n i t ,  on f u e l  consumption and supply /35 

On t h e  b a s i s  of t h i s  weight a n a l y s i s ,  d a t a  of a simple winged rocke t  w e r e  
p resented  f o r  manned f l i g h t  i n t o  t h e  s t r a t o s p h e r e  under cond i t ions  of i ts minimum 
weight. This  weight of 2000 kg w a s  d i s t r i b u t e d  i n  t h e  fo l lowing  manner: 

p i l o t  i n  s p a c e s u i t  - 5.5% 
engine - 2.5% 
high-pressure c o n t a i n e r  - 10.0% 
tanks - 10.0% 
s t r u c t u r e  - 22.0% 
f u e l  - 50% 

Such a rocke t  could r ise t o  an  a l t i t u d e  of 20 km a t  a s p e c i f i c  impulse of 
250 kg-sec/kg and t h r u s t  of 2000 kg. 

I n  the  case of u s ing  pump d e l i v e r y  of f u e l ,  i ts  supply could be  increased  
t o  60% of t h e  i n i t i a l  weight of t h e  rocket .  
acteristics of t h e  winged rocke t  were c a r r i e d  out  by V. P. Vetch inkin ' s  method. 
The fo l lowing  t r a j e c t o r y  proved t o  be optimal w i th  r e s p e c t  t o  t h e  f l i g h t  a l t i t u d e :  
t h e  rocke t  i s  a c c e l e r a t e d  along t h e  e a r t h  by s o l i d  p r o p e l l e n t  boos t  motors t o  a 
speed of 80 m/sec, t akes  o f f ,  and begins  t o  climb a t  a n  angle  of 60" on t h e  
motor p rope r ,  a f t e r  u s ing  up a l l  f u e l  t h e  rocke t  changes i n t o  ver t ica l  f l i g h t  by 
i n e r t i a  and reaches  a he igh t  of about 32 km, then  t h e  rocke t  noses over ,  p ick ing  
up speed,  a f t e r  which it changes i n t o  a g l id ing  f l i g h t ,  reaching a range of 
about  220 km a t  a t o t a l  f l i g h t  t i m e  of 18 min. 
of range g ives  280 km and t h e  t r a j e c t o r y  optimum wi th  r e s p e c t  t o  speed g ives  
600-700 m/sec. 

Ca lcu la t ions  of t h e  f l i g h t  char- 

The t r a j e c t o r y  opt imal  i n  t e r m s  

I n  conclusion,  t h e  r e p o r t  examined, f i r s t ,  d i f f e r e n t  schemes of p rospec t ive  
i a i r c r a f t :  s e c t i o n a l  and compound. It w a s  po in ted  out  i n  p a r t i c u l a r  t h a t  a t  

Second, craft w i t h  rocke t  engines  designed f o r  
a l t i t u d e s  up t o  30 km j e t  engines are of excep t iona l  i n t e r e s t  and va lue  f o r  t h e  
f l i g h t  of r o c k e t  appara tus .  
f l i g h t s  of a pu re ly  exper imenta l  n a t u r e  a t  low a l t i t u d e s  w e r e  examined. 

The f i r s t  a t t empt  t o  develop such a c r a f t  w a s  t h e  work performed i n  1932- 
1933 a t  GSJP w i t h  B. I. Cheranovskiy's g l i d e r  RP-1 (BICh-11) on which w a s  mounted 
F. A. Tsander ' s  OR-2 engine.  Then work was n o t  c a r r i e d  out  t o  completion be- 
cause  of imperfec t ions  of t h e  engine.  
developing a new r o c k e t  a i r c r a f t - l a b o r a t o r y  on which 'la s tudy  of t h e  ope ra t ion  of 
v a r i o u s  rocke t  u n i t s  i n  a i r  could be  sys t ema t i ca l ly  c a r r i e d  out .  On i t  it would 

The r e p o r t  po in ted  out  t h e  need f o r  

b e  p o s s i b l e  t o  set up t h e  f i r s t  
series of o t h e r  experiments ,  a t  
The c e i l i n g  of such a c r a f t  can 

' *Ibid,  p .  56. 

experiments wi th  
f i r s t  towing t h e  
reach 9-10 km."* 

a j e t  engine and a n  e n t i r e  
c r a f t  t o  t h e  necessary  a l t i t u d e .  
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As i s  known, such a c ra f t ,  t h e  Rp-318, w a s  soon developed a t  RNII a f t e r  t h e  
True,  owing t o  abnorma l i t i e s  des ign  and under t h e  supe rv i s ion  of S .  P. Korolev. 

a s soc ia t ed  wi th  t h e  s i t u a t i o n  of t h e  c u l t  of p e r s o n a l i t y ,  t h e  rocke t  a i r c r a f t  
w a s  f l i g h t  t e s t e d  only i n  1940. 

The conclusion of t h e  r e p o r t  i s  i n t e r e s t i n g  i n  t h a t  i t  is  extremely char-  
acterist ic f o r  t h e  e n t i r e  s t y l e  of work of t h e  r e p o r t e r  a t  RNII as a whole, and 
t h e r e f o r e  w e  w i l l  p r e sen t  i t  i n  i ts  e n t i r e t y .  

The winged rocket  is  of g r e a t  importance f o r  super-high manned f l i g h t  and I t  

f o r  s t r a t o s p h e r e  exp lo ra t ion .  

The t a s k  of t h e  f u t u r e  is t o  master t h e  p r i n c i p l e s  of rocke t  technology I t  

by p e r s i s t e n t  d a i l y  work, without  superf luous ba l lyhoo and p u b l i c i t y  which is so  
o f t e n  i n h e r e n t ,  un fo r tuna te ly ,  even now t o  many works i n  t h i s  area, and t o  s tudy  
f i r s t  t h e  s t r a t o -  and ionosphere.  The task of t h e  e n t i r e  community, t h e  task of 
Aviavni to  and Osoav2akhim i s  t o  ga in  every kind of a s s i s t a n c e  i n  t h i s  area and t o  
p rope r ly  formulate  t h e  t o p i c s  on rocke t  engineer ing  f o r  lower o rgan iza t ions  of 
s o c i e t y  and i n d i v i d u a l  i nven to r s  and t o  i n t e l l i g e n t l y  popu la r i ze  t h e  ideas  of 
rocke t  f l i g h t  . I t *  

V. P. Vetchinkin,  a p ro fes so r  a t  T s A G I ,  p resented  a major r e p o r t  on rocke t  
dynamics. ** H e  f a m i l i a r i z e d  t h e  audience w i t h  h i s  works -on the-cons t ruc t ion  and 
s o l u t i o n  of equat ions  of t h e  v e r t i c a l  motion of a r o c k e t  w i t h  a high speed i n  a 
medium wi th  v a r i a b l e  d e n s i t y  and showed t h a t  a rocke t  must develop a v e l o c i t y  of 
3000 m / s e c  f o r  ver t ica l  f l i g h t  through the e a r t h ' s  atmosphere. 
examined t h e  f l i g h t  dynamics of a winged r o c k e t ,  t h e  c o n s t r u c t i o n  and s o l u t i o n  
of equa t ions  of  motion, inc luding  wi th  cons idera t ion  of  d rag  a t  supersonic  
v e l o c i t i e s  and de termina t ion  of t h e  optimal parameters  of t h e  f l i g h t  pa th .  
Vetchinkin dwelled w i t h  p a r t i c u l a r  d e t a i l s  on g l i d i n g  dynamics from very  h igh  
a l t i t u d e s  w i t h  cons ide ra t ion  of t h e  change of a i r  d e n s i t y ,  energy of t h e  air- 
c r a f t ,  and cu rva tu re  of t h e  e a r t h .  

Then he thoroughly 

In  conclus ion ,  t h e  r e p o r t e r  e luc ida ted  t h e  d i f f i c u l t i e s  of achiev ing  
escape v e l o c i t i e s  on t h e  b a s i s  of Tsiolkovskiy 's  works. 

The morning s e s s i o n  of March 3 opened w i t h  v igorous  deba te s ,  which showed t h a t & ,  
t h e  r e p o r t s  w e r e  made on problems v i t a l l y  important  f o r  t h e  development of our  
r o c k e t  technology. Espec ia l ly  i n t e r e s t i n g  were t h e  addresses  of engineer  A.  G. 
Kostikov who dwelled on problems of accomplishing pump f u e l  supply t o  t h e  l i q u i d  
f u e l  r o c k e t  engine and problems of i n v e s t i g a t i n g  Tsander 's  forward and reverse 
cones ,  of engineer  S. A. Pivovarov on the problem of developing an  automatic  
gyro and r a d i o  c o n t r o l  of rocke t s ,  and of engineer- inventor  P. I. Sha t i lov  on t h e  
advantages of h i s  scheme of a l i q u i d  f u e l  rocke t  engine.  
n o t e  t h a t  i n  t h e  d i scuss ions  two d i f f e r e n t  views appeared concerning t h e  pro- 
s p e c t s  of rocke t  technology. Thus, f o r  example, i t  w a s  s t a t e d  i n  one of t h e  
r e p o r t s  t h a t  a n  u n r e a l  problem w a s  formulated i n  t h e  work of V. P. Vetchinkin 
s i n c e  motion w i t h  ve ry  h igh  speeds w a s  examined, whereas engineer  G. E. 
* Ib id . ,  p. 56. 
**Information on t h e  r e p o r t s  and speeches no t  publ ished i n  t h e  p re s s  are presented  
on t h e  b a s i s  of communications of t h e  p e r i o d i c a l  l i t e r a t u r e  and no te s  of t h e  
confe rence  taken by M. K. Tikhonravov and s t o r e d  i n  h i s  pe r sona l  a rch ive .  

. 

It is  i n t e r e s t i n g  t o  
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Langemak, conversely,  noted t h a t  t h e  r epor t  gave very  modest f i g u r e s  which can  
create a p e s s i m i s t i c  mood, whereas r e a l i t y  promises more o p t i m i s t i c  p rospec t s  
f o r  rocke t  technology. 

The agenda of t h e  second day of t h e  conference began wi th  a r e p o r t  of t h e  
outs tanding  Sovie t  gas dynamicist  F. I. Frankl ' ,  p ro fes so r  of T s A G I ,  i n  which 
he presented  a b r i e f  h i s t o r y  and p r i n c i p l e s  of gas  dynamics. 
dwelled more thoroughly on h i s  graphic  method of c a l c u l a t i n g  supersonic  f lows 
wi th  axial symmetry and its a p p l i c a t i o n s  t o  f i n d i n g  t h e  most advantageous shape 
of t h e  rocke t  engine nozzle .  
e l abora t ed  t h e  problem of aerodynamic hea t ing  of bod ie s  du r ing  t h e i r  motion a t  
h igh  speed, which a t  t h a t  t i m e  had s t i l l  n o t  been brought up t e c h n i c a l l y .  

The r e p o r t e r  

It is i n t e r e s t i n g  t h a t  i n  h i s  r e p o r t  Frankl '  

The r e p o r t e r  V. I. Dudakov, engineer a t  RNII and l ead ing  Sov ie t  s p e c i a l i s t  
i n  rocke t  a c c e l e r a t i o n  of a i r c r a f t ,  examined t h e  theory  of s t a r t i n g  w i t h  t h e  
use  of rocke t  boos t e r s  and t o l d  about a technique f o r  accomplishing such a 
start which w a s  developed and r e a l i z e d  at GDL on RNII. 

The second r e p o r t  of Prof .  Frankl '  examined, from t h e  aerodynamic p o i n t  of 
v i e w ,  t h e  p o s s i b i l i t i e s  of Tsander 's  proposed combined engines  c o n s i s t i n g  of an  
engine-propel ler  u n i t  and examined t h e  p o s s i b i l i t y  of c r e a t i n g  a r o c k e t  p r o p e l l e r .  

Of g r e a t  i n t e r e s t  were t h e  r e p o r t s  of workers of R N I I  on t h e  f i r s t  supersonic  
wind tunne l s .  Engineer M. S.  Kisenko gave a review of a l l  high-speed tunne l s  
of t h a t  t i m e .  
i n  t h e  USSR: one a t  TsAGI,  another  a t  the Khar'kov Avia t ion  I n s t i t u t e ,  and t h e  
t h i r d  a t  RNII. The last  tunne l  w a s  thoroughly descr ibed  by the au thor  of t h e  
des ign  and supe rv i so r  of t h e  works on i t s  development, Yu. A. Pobedonostsev. This  
t u n n e l  made it p o s s i b l e  t o  o b t a i n  an  open a i r  flow wi th  a d iameter  from 40 t o  
60 mm at  a n  abso lu te  flow rate up t o  900 m / s e c  under normal cond i t ions  ( i . e . ,  
a t  a s ta t ic  p res su re  i n  t h e  stream of 760 mm Hg and a i r  tempera ture  i n  t h e  stream 
of + 1 5 O C )  and up t o  1100 m/sec a t  a low stream pres su re .  The des ign  and con- 
s t r u c t i o n  of  t h e  tunne l  and t h e  method of experimenting i n  i t  w e r e  repor ted .*  

There were only 8 such tunnels  i n  t h e  wor ld ,  of which t h r e e  were 

The evening s e s s i o n  began wi th  a survey r e p o r t  of one of t h e  l ead ing  
eng inee r s  of R N I I ,  t h e  au thor  of a v a r i e t y  of t h e  f i r s t  Sovie t  l i q u i d  f u e l  rocke t  
engines ,  Fue l  f o r  Jet Engines and Requirements on Materials f o r  Engines and 
Rockets.' '  In t h e  examination of f u e l s  p a r t i c u l a r  stress w a s  l a i d  on high-boi l ing 
components and, p r imar i ly ,  on ni t rogen-containing oxidants :  n i t r i c  a c i d ,  n i t r o g e n  
t e t r o x i d e ,  and te t rani tao-methane.  
t h e  f u e l ,  and s p e c i f i c a l l y ,  i g n i t i n g  by means of pyro technic  g r a i n ,  which sub- 
s e q u e n t l y  became widely used. 
i n s u l a t i n g  materials f o r  a l i q u i d  f u e l  rocke t  engine,  t h e  r e p o r t e r  demonstrated 
f o r  t h e  f i r s t  t i m e  t o  a l a r g e  audience t h e  b u r n t ,  exploded, and fused  p a r t s  of 
eng ines ,  which convincingly confirmed h i s  p re sen ted  d a t a .  

'I 

Examined i n  d e t a i l  w a s  t h e  problem of i g n i t i n g  

Speaking about t h e  requirenients on s t r u c t u r a l  and 

P rocesses  of burning i n  a j e t  engine chamber were examined i n  t h e  r e p o r t  
o f  A. V. Zagul in ,  s c i e n t i f i c  a s s o c i a t e  of t h e  Leningrad Physicochemical I n s t i t u t e .  

"Pobedonostsev, Yu. A. and M. S. Kisenko: High-speed Wind Tunnels.  Rocket 
. Technology (Raketnaya tekhnika) .  No. 2 ,  Moscow-Leningrad, Jpp. 143-203, 1936., ' 

I , 
- _ _ ~  
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The r e p o r t e r  noted t h a t  a l l  works on burning were h e r e t o f o r e  c a r r i e d  out  by two 
separate ways.  The f i r s t  way was empir ica l  des ign  of machines i n  which t h e  
burning process  should occur ,  and a t t e m p t s  t o  i n f luence  t h i s  process  by changing 
t h e  design.  The second way, a l s o  i n  essence empi r i ca l ,  w a s  t o  ac t  on t h e  very  
mechanism of burning without  changing the des ign  mainly by in t roducing  va r ious  
chemical add i t ions .  Now i t  has become c l e a r  t h a t  a t h i r d  way can l ead  t o  t h e  
development of t h e  t h e o r e t i c a l  b a s i s  f o r  a n  e f f i c i e n t  o rgan iza t ion  and c o n t r o l  
of t h e  burning process :  a d e t a i l e d  study of burning processes  wi th  a compre- 
hensive cons ide ra t ion  of t h e  rcost d ive r se  f a c t o r s :  chemical,  s t r u c t u r a l ,  hydro- 
dynamic, etc. 

Having d iv ided  t h e  burning process  i n  a rocke t  engine i n t o  t h r e e  s t a g e s :  
chemical processes  be fo re  i g n i t i o n ,  t h e  formation of a flame, and t h e  motion of 
t h e  flame, t h e  r e p o r t e r  exanined each of t h e s e  s t a g e s  from t h e  p o i n t  of view of 
t h e  theory of burning and made a number of important conclus ions  concerning t h e  
s i g n i f i c a n c e  of t h e  rate of en t rance  of t h e  f u e l  components i n t o  t h e  combustion 
chamber, s i g n i f i c a n c e  of t h e  induct ion  per iod,  e f f e c t  of v o r t i c i t y  and d i spe r -  
s i o n  of t he  working mixture ,  unsteady opera t ion  of t he  motor dur ing  s t a r t i n g  
and t h e  e f f e c t  of in t roducing  a c t i v e  add i t ives  t o  t h e  f u e l  on i t s  opera t ion .  
The r e p o r t  of Zagulin was of great va lue  because he ,  on one hand, showed t h a t  
Sovie t  s p e c i a l i s t s  i n  rocke t  engines a r e  b a s i c a l l y  fol lowing the  c o r r e c t  way 
from a s c i e n t i f i c  p o i n t  of view i n  developing l i q u i d  f u e l  rocke t  engines ,  and, 
on t h e  o t h e r  hand, served as an impetus f o r  s e t t i n g  up a t  R N I I  a number of 
purposefu l  s c i e n t i f i c  i n v e s t i g a t i o n s  i n  t h e  area of managing burning processes  
i n  l i q u i d  f u e l  r ccke t  engines .  Here i t  should be noted t h a t  t h e  a s s o c i a t e s  of 
t h e  Leningrad Physicochemical I n s t i t u t e  not only helped workers of RNII g e t  on 
t h e  s c i e n t i f i c  pathway i n  t h e  area of s tudying burning bu t  a l s o  der ived  much 
t h a t  w a s  u s e f u l  f o r  t h e i r  own work from t h e i r  con tac t s  wi th  t h e  rocke t  spe- 
c ia l i s t s ,  s i n c e  dur ing  those years  processes  of burning of pure  f u e l  i n  a pure  
oxidant  a t  high consumptions pe r  second could be observed a t  RNII. 
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Biomedical problems were a l s o  examined a t  t h e  conference.  The r e p o r t  

of t h e  labora tory  of o rgan iza t ion  of f l i g h t  d u t i e s  a t  t h e  A i r  Force Academy i m .  
Zhukovskiy, a g r e a t  e n t h u s i a s t  of t h i s  problem who has  made a g r e a t  c o n t r i b u t i o n  
t o  t h e  development of h igh -a l t i t ude  and high-speed a v i a t i o n  medicine.  

Physiology of Manned F l i g h t  i n  a Rocket'? w a s  g iven  by N. M. Dobrotvorskiy,  ch ie f  11 

The work of t h e  Jet Group under; t h e  m i l i t a r y - s c i e n t i f i c  committee of t h e  
C e n t r a l  Council  of Osoaviakhim w a s  reported by i ts  d i r e c t o r  I. A .  Merkulov, and 
t h e  work of t h e  similar Leningrad Group was r epor t ed  by engineer  A. N .  Shtern.  

I 
The r e p o r t s  made on t h e  second day of t h e  conference a l s o  evoked l i v e l y  

d i s c u s s i o n s .  P a r t i c u l a r l y  i n t e r e s t i n g  was t h e  speech of N. G .  Chernyshev, 
engineer  a t  R N I I ,  who, arguing aga ins t  the p r i n c i p a l  r e p o r t e r  on t h e  problem of 

( r o c k e t  f u e l s ,  s t a t e d  t h a t  chemistry promises very  g r e a t  prospec ts  w i t h  r ega rd  t o  
, r o c k e t  f u e l ,  and dwelled i n  g r e a t e r  d e t a i l  on t h e  problem of us ing  such prom- 
i s i n g  components as ozone, s i l a n e s ,  and s o l u t i o n s  of ace ty l ene  i n  acetone.  

I n  conclus ion  t h e  conference passed r e s o l u t i o n s  on a l l  r e p o r t s ,  which pre- 
s e n t e d  an expanded p l a n  f o r  t h e  f u t u r e  works on t h e  development of rocke t  
technology and i t s  a p p l i c a t i o n  t o  conquering t h e  s t r a t o s p h e r e .  

~ 

~-~ ~ 

-~ ~ 

- 
- 



. " 

The First All-Union Conference on the use of jet aircraft for conquering 
the stratosphere was the world's first such forum of rocket engineers which dis- 
cussed the most topical problems facing them and pointed out effective methods 
of solving these problems which had long impeded progress in the development 
of Soviet rocket engineering. Herein lies the great historical significance 
of the conference. 

31 



y68- 1 3 5 7 8  

HISTORY OF DEVELOPMENT OF SOVIET SEAPLANE AVIATION* 
(Per iod be fo re  t h e  Second World War) 

K. F. Kosourov 

ABSTRACT. The r e p o r t  covers  the development of t h e  hydroplane 
i n  Russia and o t h e r  c o u n t r i e s  before  and a f t e r  t h e  Revolution. 

Seaplane a v i a t i o n  a r o s e  i n  the  f i r s t  decade of t h e  Twentieth Century, i . e . ,  
about  30 yea r s  a f t e r  t h e  development of the wor ld ' s  f i r s t  a i r c r a f t .  
r e s s  which a v i a t i o n  made i n  t h e  first s tage  of i t s  development served as an ' 

impetus f o r  a t tempting t o  use  i t  a t  sea. 
n a t u r a l  a i r f i e l d  v igorous ly  expanded a v i a t i o n  prospec ts .  
prove t o  b e  u s e f u l  where t h e r e  were rivers, l akes ,  o r  sea coas t .  

The prog- 

The use  of t h e  water s u r f a c e  as a 
The seaplane  could 

The f i r s t  experiments of t ak ing  o f f  from the  water i n  Russia  were i n  1911. 
One of t he  pioneers  and i n i t i a t o r s  of t h i s  event  w a s  Yakov Modestovich Gakkel ' ,  
who s i n c e  1910 had a l r eady  had experience i n  f l y i n g  a land a i r c r a f t  of h i s  own 
des ign .  To him belongs t h e  honor of developing t h e  f i r s t  Sovie t  seaplane.  

P r i o r  t o  1912 seaplanes  i n  a l l  coun t r i e s  w e r e  exc lus ive ly  f l o a t  planes.  It 
w a s  n o t  easy t o  reject t h e  i d e a  of us ing  a landing c a r r i a g e  and fuse l age .  The 
replacement of wheels by f l o a t s  had as its s o l e  o b j e c t  t h e  accomplishment of 
takeoff  from t h e  water su r face .  The f l o a t s  were d i s t ingu i shed  by imperfec t ion  
i n  t h e  shape of t h e  o u t l i n e s  and, from t h e  p o i n t  of view of seaworthiness ,  
l e f t  much t o  be d e s i r e d .  Seaplanes were capable  of t ak ing  o f f  only on a q u i e t  
water  s u r f a c e .  Even s l i g h t  waves w e r e  an o b s t a c l e  t o  t a k e o f f ,  t h e  f l o a t s  o f t e n  
d i d  n o t  endure t h e  dynamic loads  of t h e  water and broke. A s  an  example w e  can 
name Fabre ' s  f l o a t s  (1910). They somewhat resembled a wing i n  shape,  w e r e  
f la t -bot tomed,  r e l a t i v e l y  broad, and rec tangular  i n  plan.  S t r u c t u r a l l y  they 
cons i s t ed  of a wooden ske le ton  covered with waterproof f a b r i c .  

. 
Frequent  acc iden t s  and poor seaworthiness of t h e  f i r s t  seaplanes  neces- 

s i t a t e d  a search  f o r  new ways f o r  developing b e t t e r  des igns .  To so lve  t o  some 
e x t e n t  t h e  problem of seaworthiness ,  des igners ,  of course ,  thought about u s ing  
t h e  exper ience  of hydroplane sh ipbui ld ing  and t r a n s f e r  t o  t h e  area of seaplane  
a v i a t i o n .  A s  a r e s u l t  t h e  f l y i n g  boa t  was born,  t h e  shape of t h e  l i n e s  of t h e  
nose p a r t  of which and t h e  presence of s t eps  resembled a high-speed hydroplane- 
launch.  The h igh  c e n t e r i n g  of t h e  seaplane and h igh  s i t u a t i o n  of t h e  t h r u s t  
lines, t h e  need f o r  changing t h e  t r i m  during t h e  t akeof f  run  and s e t t i n g  of t h e  
t a i l  assembly, t h e  f a c i l i t y  f o r  easy takeoff  from t h e  water, and aerodynamic 
requi rements ,  i . e . ,  every th ing  t h a t  e s s e n t i a l l y  d i s t i n g u i s h e s  a seaplane  from 
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*Report g iven  on October 30, 1963 a t  the s e s s i o n  of t h e  Leningrad Branch of t h e  

Union o f  H i s t o r i a n s  of Science and Technology. 
- S e c t i o n  on t h e  His tory  of Avia t ion  and Ast ronaut ics  of t h e  Sovie t  Nat iona l  
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a hydroplane could no t  he lp  b u t  e f f e c t  a s u b s t a n t i a l  modi f ica t ion  of t h e  body 
of t he  l a t t e r .  However, t h e  procese of t h i s  modi f ica t ion  w a s  f a r  from simple.  

The f irst  f l y i n g  boa t s  appeared i n  France i n  1912. They belong t o  t h e  
category of b ip l anes  wi th  a pusher p rope l l e r  and were t h e  pro to type  of f l y i n g  
boa ts  which became widely used and were r e t a i n e d  i n  a v i a t i o n  f o r  more than  a 
decade. The shape of t h e  body l i n e s  and t h e  r a t i o  of t h e  main l i n e a r  dimen- 
s i o n s  were r e t a ined  without  s u b s t a n t i a l  changes almost t o  t h e  beginning of t he  
Second World War. 

~ 

The f l y i n g  boa t  cons t ruc ted  i n  1912 by t h e  French des igne r s  Donne and Levec 
were n o t  noted f o r  i t s  seaworthiness .  I t  w a s  too  blunt-nosed and had a f l a t  
bottom i n  t h e  nose s e c t i o n ,  which promoted during t h e  takeoff  run t h e  develop- 
ment of a bow wave and seve re  sp lash ing .  The s t e p  wi th  r e spec t  t o  t h e  c e n t e r  
of g r a v i t y  w a s  too  f a r  forward. These de fec t s  g r e a t l y  hampered t akeof f .  

The well-known Russian designer  Dmitriy Pavlovich Grigorovich w a s  a b l e  t o  
s u c c e s s f u l l y  so lve ,  i n  1913, t h e  problem of a f l y i n g  boa t .  H i s  f i r s t  f l y i n g  
boa t  M-1 weighing 880 kg w a s  equipped with a 50-hp motor, and i n  l a t e r  models 
M-3 and M-4 with  a 100-hp motor, and developed a speed of 100 km/hr, h igh  f o r  
t h a t  t i m e .  It i s  necessary t o  po in t  out t h a t  i n  speed competi t ions organized 
by t h e  French a t  S t .  Malo, t h e  seaplanes of fo re ign  f i rms  s c a r c e l y  reached a 
speed of 85-90 km/hr. 

Res t ing  on h i s  own cons t ruc t ion  experience and having an  except iona l .de-  
s i g n  f l a i r ,  Dmitriy Pavlovich soon developed t h e  f l y i n g  boa t  M-5,  which as 
e a r l y  as 1915 w a s  i n  t h e  s e r v i c e  of our  nava l  a v i a t i o n  and p a r t i c i p a t e d  i n  
m i l i t a r y  ope ra t ions  on t h e  Baltic and Black Seas. 
a speed of 108 km/hr, c e i l i n g  of 4000 m y  and dura t ion  of 5 h r .  
nava l  a v i a t o r  graduates  w e r e  t aught  on the M-5 seaplane.  

The boa t  had a 100-hp engine,  /42 
Many of our 

The d i f f i c u l t i e s  common t o  a l l  a v i a t i o n  des igners  of t h a t  t i m e  w e r e  ag- 
grava ted  i n  the  area of seaplane  cons t ruc t ion  by t h e  absence of developed 
methods of c a l c u l a t i n g  t h e  seaworthiness of a seaplane.  The theory of hydro- 
p l an ing  s t i l l  d id  not  e x i s t .  Far  from a l l  means of s h i p  theory could be used 
i n  seap lane  cons t ruc t ion  owing t o  t h e  s p e c i f i c  c h a r a c t e r i s t i c s  of a seaplane .  
The exper ience  i n  designing and opera t ing  high-speed launches,  which d i d  not  
have a ve ry  c l o s e  hydrodynamic r e l a t i o n  wi th  seaplanes ,  w a s  of l i t t l e  use.  
s p i t e  of t h e  d i f f i c u l t i e s ,  D. P .  Grigorovich accepted t h e  commission of t h e  
Naval Min i s t ry  t o  des ign  and c o n s t r u c t  var ious  types  of seaplanes  and proved 
t o  be  capable  of f u l f i l l i n g  i t  success fu l ly .  
Naval S t a f f ,  w e r e  produced i n  series. D .  P.  Grigorovich 's  boa t  M-9 (1916) had 
such good seaworthiness  and f l i g h t  and tac t ica l  c h a r a c t e r i s t i c s  t h a t  t he  
c o u n t r i e s  of t h e  Entente  obtained t h i s  seaplane from t h e  P rov i s iona l  Government 
of Russia .  

I n  

The seaplanes  ordered by t h e  Chief 

From t h e  h i s t o r i c a l  p o i n t  of view, D.  P. Gr igorovich ' s  boa t  M - 1 1  deserves  
p a r t i c u l a r  a t t e n t i o n ,  s i n c e  i t  w a s  no t  only t h e  wor ld ' s  f i r s t  nava l  f i g h t e r  bu t  
a l s o  t h e  wor ld ' s  f irst  a i r p l a n e  wi th  armor. 
i n  t h e  nose s e c t i o n  and a t  v i t a l  p laces .  

The M - 1 1  f l y i n g  boat w a s  armored 
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I n  1917 D. P .  Grigorovich, toge ther  w i th  M. M. Shishmarev and subsequent ly  
with Y e .  I. Mayoranov, p ro fes so r  a t  the  Red-Banner Order of Lenin A i r  Force 
Academy i m .  Prof .  N.  Y e .  Zhukovskiy, cons t ruc ted  t h e  wor ld ' s  f i r s t  two-f loat  
torpedo p lane  f o r  "GASN," which could car ry  an  uncommon load f o r  t h a t  t i m e ,  a 
torpedo weighing 1 ton.  I n  1927, D.  P. Grigorovich c rea t ed  a new machine 
"Explorer of t h e  Open Sea" des igna ted  ROM-1 wi th  an all-metal h u l l .  

I Design engineer  V. B. Shavrov w a s  the  chairman of t h e  l i g h t  seaplane  con- 
s t r u c t i o n  indus t ry  i n  t h e  USSR. I n  1929 he  designed and b u i l t  a l i g h t  seaplane  
which w a s  soon somewhat enlarged and batch produced i n  1930. 
f l y i n g  boat-amphibian wi th  a 100-hp M-11 engine ,  c a l l e d  the  Sh-2, i s  w e l l  known 
i n  a v i a t i o n .  

This  min ia tu re  

Severa l  experimental  seapla6es were c r e a t e d  by K. A. Vigand and P. D.  - 1 4 3  
Samsonov, who i n  t h e  1920's ,  t oge the r  with V. B. Shavrov, j o ined  t h e  s t a f f  of 
D.  P. Gr igorovich ' s  des ign  department. 

Sovie t  seaplane  technology gained cons iderable  experience i n  mounting land  
a i r c r a f t  on f l o a t s .  A s  an example w e  can p o i n t  out t h e  heavy bomber TB-1 de- 
s igned by Academician A. N .  Tupolev. T h i s  a i r c r a f t ,  named t h e  "Country of t h e  
Soviets"  p i l o t e d  by Shestakov and Bolotov made t h e  well-known round t r i p  f l i g h t  
from Moscow t o  New York i n  1929. 

The name of A. N .  Tupolev and h i s  design team is  as soc ia t ed  wi th  t h e  con- 
s t r u c t i o n  of heavy seaplanes .  Thus, i n  1930 w a s  cons t ruc ted  t h e  two-motor f l y -  
i n g  boa t  ANT-8 which had, p r imar i ly ,  an experimental  value.  I n  1934 two sea- 
p lanes  w e r e  developed: MTB-1 and ANT-2.2. The f i r s t  of t h e s e  w a s  a three-p lace  
monoplane w i t h  AM-34 engines mounted i n  t h r e e  n a c e l l e s  extended on props under 
t h e  wing. The a i r c r a f t  w a s  in tended f o r  long  ope ra t ions  over t h e  sea and had, 
f o r  t h a t  t i m e ,  good f l i g h t  c h a r a c t e r i s t i c s  and seaworthiness .  The second, 
t h e  two-hull seaplane  ANT-22, had s ix  AM-34 engines mounted above t h e  wing i n  
t h r e e  tandem u n i t s .  This  a i r c r a f t  could c a r r y  a bomb load of UP t o  6000 kg 
and had powerful armament. A world record for a l t i t u d e  wi th  a load of 1 3  tons  
w a s  set on t h e  ANT-22 i n  1936. 

I n  1937 appeared t h e  amphibian ANT-44 which w a s  a monoplane wi th  four  AM-85 
engines  s i t u a t e d  i n  t h e  wing. The r e t r a c t a b l e  landing  c a r r i a g e  enabled t h e  
machine t o  use  t h e  land and sea as an a i r f i e l d .  The ANT-44 a i r c r a f t  w a s  a heavy 
bomber and long-range reconnaissance a i r c r a f t .  It w a s  s u c c e s s f u l l y  used i n  
m i l i t a r y  ope ra t ions  dur ing  the  Second World War. 
c h a r a c t e r i s t i c s  made i t  poss ib l e  t o  set s i x  r eco rds  on t h e  Ae-'44. 

The h igh  f l i g h t  and tactical 

. Engineer I. V. Chetverikov developed and b u i l t  new types of seaplanes .  H i s  
s eap lane  f o r  a submarine deserves  a t t e n t i o n .  

About 30 y e a r s  ago t h e  navies  of some c o u n t r i e s  r a i s e d  t h e  problem of t h e  
p o s s i b i l i t y  of equipping submarines w i t h  a i r c r a f t .  I f  a seaplane  could be  se- 
l e c t e d  from t h e  e x i s t i n g  type  of machines f o r  a c r u i s e r  o r  b a t t l e s h i p ,  then  t h e  
extreme l i m i t a t i o n  i n  t h e  s i z e  of submarine hangar would r e q u i r e  t h e  develop- 
ment of a s p e c i a l l y  designed a i rc raf t .  The problem of such a n  a i r c r a f t  w a s  
s u c c e s s f u l l y  so lved  by I. V. Chetverikov, and h i s  seaplane  w a s  exh ib i t ed  a t  
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t h e  I n t e r n a t i o n a l  Exh ib i t  i n  Milan i n  1936. 
engine t r u s s ,  fo ld ing  wings, can t i l eve r  p a r t s  of t h e  h o r i z o n t a l  t a i l  s u r f a c e s  
and props of t h e  wing f l o a t .  

The seaplane  had a c o l l a p s i b l e  - I 4 4  

. Its f ly ing  weight  w a s  800 kg. 

W e  need p o i n t  ou t  I. V. Chetverikov's f l y i n g  boa t  ARK-3 which w a s  designed 
Two world records  f o r  a l t i t u d e  whi le  f l y i n g  wi th  f o r  s e r v i c i n g  A r c t i c  reg ions .  

a load were s e t  on t h i s  machine. 

We owe t h e  appearance of many success fu l  types  of seaplanes  t o  t h e  f r u i t f u l  
a c t i v i t y  of G. M. Beriyev. H i s  f l y i n g  boa t  MRB-2 w i t h  a n  AM-34 engine gained 
g r e a t  popu la r i ty  i n  nava l  av ia t ion .  Thanks t o  its h igh  performance, t h i s  boa t  
remained i n  t h e  navy f o r  a long t i m e .  G .  M. Beriyev a l s o  developed nava l  re- 
connaissance a i r c r a f t  and ship-borne a i r c r a f t .  

From t h e  f i r s t  f l y i n g  boat  of D.  P. Grigorovich t o  t h e  heavy multi-engine 
a i r  c r u i s e r  of A. N .  Tupolev -- t h i s  i s  t h e  h i s t o r i c a l  pa th  of development of 
Sovie t  seaplanes .  

The s t a r t  of t h e  development of t h e o r e t i c a l  problems of t h e  hydromechanics 
of seaplanes  d a t e s  t o  t h e  middle of t he  1920's .  The f i r s t  t h e o r e t i c a l  s o l u t i o n  
t o  t h e  problem of p lan ing  of a f l a t  o r  s l i g h t l y  curved p l a t e  moving a t  a s m a l l  
ang le  of a t t a c k  i n  a p l a n e - p a r a l l e l  flow of an  i d e a l  f l u i d  w a s  ob ta ined  i n  t h e  
USSR by a c t i v e  member of t he  Ukranian SSR Academy of Sciences G. Y e .  Pavlenko. 
Three yea r s  later Academician G. Y e .  Pavlenko, proceeding from o the r  p h y s i c a l  
concepts ,  gave an  approximate theory of p lan ing  of a body having a f i n i t e  
width.  * 

I 

I n  t h i s  las t  theory  t h e  development of  dynamic p res su re  on t h e  bottom i s  

w a t e r  masses, which, as t h e  body moves, is d i sp laced  downward and t o  t h e  s i d e  
a t  a ra te  l a r g e r ,  t h e  g r e a t e r  t h e  speed of t h e  body and t h e  g r e a t e r  i t s  angle- 
o f - a t t ack .  This  theory enabled G. Y e .  Pavlenko t o  s o l v e  t h e  problem of t h e  
rebound of a body from t h e  f r e e  s u r f a c e  of a l iquid.** 

' regarded as a consequence of t h e  continuous overcoming of t h e  i n e r t i a  of t h e  

The t h e o r e t i c a l  works of Academician L .  I. Sedov occupy a prominent p l ace .  /45 
H i s  numerous publ ished works are devoted t o  problems of hydrodynamics. Of con- 
s i d e r a b l e  i n t e r e s t  are h i s  works on t h e  theory of t h e  i m p a c t  of a s o l i d  on 
water  and on t h e  theory  of planing.  Such works, f o r  example, of L. I. Sedov 
as t h e  "Theory of Unsteady Planing and Motion of a Wing wi th  T r a i l i n g  
Vortices"*** and "The Plane Problemkq Gliding Over t h e  Surface of a Heavy 
Liquid"**** are fundamental works which a f f i r m  t h e  l ead ing  r o l e  of t h e  Sovie t  
school of hydromechanics i n  t h i s  a r ea  of s c i e n t i f i c  knowledge. 

- 

"Pavlenko, G. Y e . :  P r i n c i p l e s  of Planing Theory. Proceedings of t h e  Research 
A e r o - I n s t i t u t e  GVF (Trudy Nauchno-issledovatel'skogo Aero- Ins t i t u t a  GVF). 
Article 20, Leningrad, 1932. 

s b o r n i k ,  No. 1, 1932. 
**Pavlenko, G. Y e . :  Phenomena of Rebound on t h e  Water Surface ,  Morskoy 

***Trudy TsAGI  No. 252, 1936. 
****Proceedings of t h e  Conference of t h e  Theory of Wave Res is tance  (Trudy 

k o n f e r e n t s i i  PO t e o r i i  volnovogo s o p r o t i v l e n i y a ) .  Izd .  TsAGI.  Moscow, 1937. 
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The wor ld ' s  f i rs t  problem on t h e  theory of t h e  impact of a s o l i d  a g a i n s t  a 
l i q u i d  w a s  so lved  by P ro fes so r  N .  Y e .  Zhukovskiy i n  1883. Fur the r  i nves t iga -  
t i o n s  of t h e  phenomenon of impact w e r e  renewed only a f t e r  almost 50 yea r s  and 
were brought about by t h e  requirements of seaplane  cons t ruc t ion .  Independently 
of t h e  works c a r r i e d  ou t  i n  t h e  USA by Thompson, N .  N .  Podsevalov on t h e  i n i -  
t i a t i v e  and assignment of T s A G I  c a r r i e d  out tests on t h e  Black Sea and i n  1931 
publ i shed  a r e p o r t  on an i n v e s t i g a t i o n  of w a t e r  p r e s s u r e  on the bottom of sea- 
planes.  Experimental works were combined wi th  t h e o r e t i c a l  i n v e s t i g a t i o n s .  Soon 
a number of theoretical  works on impact theory appeared i n  t h e  Sov ie t  l i tera-  
t u r e .  Thei r  au tho r s  were Academicians M. V. Keldysh, M. A .  Lavrent 'yev, and 
L. I. Sedov, as w e l l  as o t h e r  r e sea rche r s ,  mainly workers a t  T s A G I  who sub- 
s t a n t i a l l y  broadened t h i s  r eg ion  of hydrodynamics. 

I n  a b r i e f  o u t l i n e  i t  i s  n o t  poss ib l e  t o  enumerate o r  e v a l u a t e  a l l ,  even 
I b a s i c  works, which belong t o  t h e  pens of our s c i e n t i s t s .  

A l l  t h e s e  works determine the  major c o n t r i b u t i o n  of Sov ie t  s c i e n c e  t o  sea- 
p lane  a v i a t i o n  and hydrodynamics. 

W e  can only s t a t e  t h a t  Sovie t  s c i e n t i s t s  have occupied a l ead ing  p l a c e  i n  
a l l  t h e  p r i n c i p a l  s e c t o r s  of seaplane  science.  
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CHRONICLE AND INFORMATION 

AT THE SECTION OF THE HISTORY OF AVIATION AND ASTRONAUTICS 

, Twelve sessions of the Section of the History of Aviation and Astronautics, /46 
at which 19 reports and communications were given, was held in Moscow between 
October 26, 1964 and December 6, 1965. 

I The 67th session of the section held on October 26, 1964 was devoted to an 
examination of the problem of compiling a chronicle of astronautics (the report 
of I. Ye. Mosolov) and to analysis of G. Obert's suggestion (1929) of creating 
"electricalt1 spacecraft (the communication of V. I. Belolipetskiy). 

The section examined the work of I. Ye. Mosolov on compiling a chronicle 
of astronautics and recommended its continuation; at the same time, the section 
passed a resolution to begin work on compiling a scientific and technical 
chronicle of astronautics reflecting the development of science and technology 
in space research. 

~ 

Having discussed V. I. Belolipetskiy's communication on the little-known 
proposal of G. Obert in 1929, which played an essential role in the development 
of electric rocket engines, the section recommended translating this material 
into Russian and printing it in the publications of the section with necessary1 
commentaries. 

The 68th session of the section, held on November 10, 1964 was devoted to 
Academician M. D. 'Lhe 75th Birthday Anniversary of Academician B. N. Yru'yev. 

Millionshikov, Vice-president of AN SSSR gave the opening address speaking on 
the life and creative pathway of B.'N. Yur'yev. 
Yur'yev told about his scientific, pedagogical, and social activity. A 
detailed report on this session of the section is published in "Problems of 
the History of Science and Technology" (Moscow, No. 20, 1966). 

Friends and pupils of B. N. 

I 

On November 30, 1964, at the 69th session of the section, Prof. I. I. 
Anureyev, Doctor of Military Sciences, Major General of ITS, gave a report on 
the trends in the development of aircraft as strategic weapons. 

Noteworthy dates in the history of aviation and astronautics in 1965 were /47 
examined and confirmed at this session. 

The 70th session of the section, devoted to the display of matters pertain- 
ing to the history of aviation and astronautics in Moscow and Leningrad 
MuSeuIIIs, was  held on December 25, 1964. 

N. N. Femenkevich, a scientific coworker of the Museum familiarized the 
audience with the research works carried out at the M. V. Frunze Central House 
of Aviation and Astronautics. 
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T. L. Volkoviskaya, D i rec to r  of the Department of As t ronau t i c s  of t h e  
Poly technic  Museum t o l d  about t h e  exh ib i t s  on a s t r o n a u t i c s  a t  t h e  Po ly techn ic  
Mus eum . 

I. Y a .  Shatoba, Deputy Chairman of t h e  Sec t ion  of t h e  Hi s to ry  of Avia t ion  
and Ast ronaut ics  of t h e  Leningrad Branch of  t h e  Sov ie t  Nat iona l  Union of H i s -  
t o r i a n s  of Science and Technology, gave a r e p o r t  on t h e  o rgan iza t ion  of a "park 
of cosmonauts" wi th  a p a v i l i o n  of t he  h i s t o r y  of a v i a t i o n  and & t r o n a u t i c s  i n  
Leningrad. 

Measures f o r  c r e a t i n g  i n  Moscow a Cent ra l  S t a t e  Museum of t h e  Hi s to ry  of 
Avia t ion  and Ast ronaut ics  and an archive f o r  i t  w a s  supported a t  t h e  s e s s i o n  of 
t h e  s e c t i o n .  

On January 28, 1965, a t  t h e  7 1 s t  s e s s ion  of t h e  s e c t i o n ,  r e s u l t s  of 
s c i e n t i f i c  i n v e s t i g a t i o n s  i n t o  va r ious  problems of t h e  h i s t o r y  of space re- 
sea rch  were heard.  

R. G. Bazurin spoke about space research  and c e r t a i n  problems of developing 
modern sc ience .  'V. I. Be lo l ipe t sk iy  spoke about problems of t h e  development of 
t h e  mechanics of smal l - thrus t  space f l i g h t  ( p r i o r  t o  t h e  1930s).  I. N .  Bub'nov 
gave a r e p o r t  on problems of us ing  b a l l i s t i c  rocke t s  i n  t h e  development of car- 
r ier rocke t s  f o r  space  o b j e c t s  i n  t h e  USA. G. V .  Skvortsov r epor t ed  on t h e  de- 
velopment of l i q u i d ' f u e l  rocke t  engines i n  t h e  USA i n  1954-1958. 

A l l  r e p o r t s  given a t  t h i s  s e s s i o n  were publ ished i n  a c o l l e c t i o n  of r e p o r t s  
f o r  t h e  s c i e n t i f i c  conference of graduate s t u d e n t s  and young s c i e n t i f i c  co- 
workers of t h e  I n s t i t u t e  of t h e  His tory  of Science and Technology AN SSSR 
(Moscow, V I N I T I ,  1965). 

1 
A t  t h e  72nd s e s s i o n  of t h e  s e c t i o n  o n p a r c h  1, 1965, A. P.  Smolin gave a 

s c i e n t i f i c  and t e c h n i c a l  review of fore ign  l i t e r a t u r e  on problems of t h e  
h i s t o r y  of a v i a t i o n ,  rocke t  technology, and a s t r o n a u t i c s .  K. I. Trunov 
d iscussed  V. K. Fedorov's rocket  a i r c r a f t .  

The 73rd s e s s i o n  of t h e  s e c t i o n  onMarch 22, 1965 w a s  devoted t o  t h e  140th 
Bir thday Anniversary of A. F. -Mozhaiskiy; Candidate  of Technical  Sc iences ,  V. 
B. Shavrov repor ted  on t h e  s c i e n t i f i c  and t e c h n i c a l  c r e a t i v i t y  of t h e  inven to r .  

Yu. V. Biryukov gave a survey of r e p o r t s  of t h e  F i r s t  All-Union Conference 
on t h e  u s e  of rocke t  c r a f t  f o r  i n v e s t i g a t i n g  t h e  s t r a t o s p h e r e ,  which w a s  he ld  
i n  Moscow i n  1935. 

On A p r i l  1 9 ,  1965 t h e  74th s e s s i o n  of t h e  s e c t i o n  w a s  devoted t o  t h e  r o l e  
of  V. I. Lenin i n  e s t a b l i s h i n g  and developing Sovie t  a v i a t i o n  science and. tech-  a 

nology, a t  which Hero of t h e  Soviet  Union, Candidate of M i l i t a r y  Sc iences ,  
Colonel  L .  M. Shishov gave a repor t .  

A. T. Skr ipkin ,  d i r e c t o r  o f  t h e  Kaluga S t a t e  Museum of K. E .  Ts io lkovskiy ,  
t o l d  about  t h e  course  of cons t ruc t ion  of a new museum b u i l d i n g  and t h e  s ta te  of 
works on p repa r ing  new e x h i b i t s  and d i sp lays .  
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The 75th se s s ion  of t h e  s e c t i o n ,  held on May 19,  1965, w a s  devoted t o  t h e  
60th Birthday Anniversary of A .  A. Shternfe l 'd .  Leading s c i e n t i s t s  of t h e  
Soviet  Union gave speeches a t  t h e  sess ion ,  and g r e e t i n g s  from i n d i v i d u a l s  and 
members of var ious  o rgan iza t ions  and c i t ies  of t h e  Sovie t  Union and o t h e r  
c o u n t r i e s  w e r e  pub l i c ly  announced. 
t h e  honorary rank of Doctor of Technical Sciences and t h e  t i t l e  of Honored 
S c i e n t i s t  and Technologist  - w a s  discussed.  

I The ques t ion  of awarding A. A. S h t e r n f e l ' d  

The 76th s e s s i o n  of t h e  Sec t ion  w a s  he ld  on October 18, 1965. The "Out- 

under t h e  supe rv i s ion  of genera l  a v i a t i o n  des igner  Academician A. N .  Tupolev, 
w a s  d i scussed .  

' 1-s of t h e  His tory  of Technology in the USSR," prepared by a t e a m  of - 'authors 

On November 15, 1965 t h e  77th sess ion  of t he  s e c t i o n  w a s  he ld .  
V. P. Razzhivin repor ted  on t h e  development of d i r i g i b l e  c o n s t r u c t i o n  abroad. 
Representa t ives  of t h e  Leningrad Community Design Department of Aeronaut ics  
(ch ief  of t h e  department,  A. N. Dmitriyev and Candidate of M i l i t a r y  Sciences 
N. A.  Brusentsov) gave b r i e f  r e p o r t s  on t h e  t e c h n i c a l  and economic grounds f o r  
d i r i g i b l e  cons t ruc t ion  i n  t h e  USSR. P r o f .  A. G. Vorob'yev (Leningrad) d i s -  
cussed t h e  prospec ts  of development of d i r i g i b l e  cons t ruc t ion .  

A t  t h e  78th s e s s i o n  of t h e  s e c t i o n ,  December 6 ,  1965, V.  I. B e l o l i p e t s k i y  
r epor t ed  on t h e  i n i t i a l  per iod  of development of t h e  mechanics of sma l l - th rus t  
space  f l i g h t .  The r e p o r t e r  t o l d  about the development of s c i e n t i f i c  and tech-  
n i c a l  i d e a s  l ead ing  t o  t h e  l o g i c a l  cons t ruc t ion  of so-ca l led  e l e c t r i c  rocke t  
engine  systems and t h e  formation of a new branch of s c i e n c e ,  mechanics of 
sma l l - th rus t  space f l i g h t .  A. A. Kosmodem"yanskiy, Doctor of Phys icaT 

, the d i s c u s s i o n s ,  they supported and Qpproved t h e  conduct ion of f u r t h e r  
and Mathematical  Sciences,  Prof .  I. A. Merkulov, and o t h e r s ,  p a r t i c i p a t e d  i n  l I 

' i n v e s t i g a t i o n s  i n  t h i s  area. t 
Memorial d a t e s  i n  t h e  h i s t o r y  of av ia t ion  and a s t r o n a u t i c s  f o r  1966 w e r e  

w e r e  examined and approved a t  t h e  sess ion .  

V. N. Sokol ' sk iy ,  Candidate of Technical Sciences and a member of t h e  
I n t e r n a t i o n a l  Committee on t h e  His tory  of Rocket Technology and As t ronau t i c s  
of t h e  I n t e r n a t i o n a l  Academy of Ast ronaut ics ,  d i scussed  a meeting of t h i s  
committee he ld  i n  Athens during t h e  16th I n t e r n a t i o n a l  A s t r o n a u t i c a l  Congress 
(September 12-18, 1965). H e  repor ted  on i n t e r n a t i o n a l  s c i e n t i f i c  r e l a t i o n s  of 

I Soviet h i s t o r i a n s  of a v i a t i o n  and a s t ronau t i c s .  - 

V. I. B e l o l i p e t s k i y  

The Leningrad Branch of t h e  Sect ion of t he  Hi s to ry  of  Avia t ion  and Astro- 
On January 1, n a u t i c s  en te red  t h e  8 t h  yea r  of i t s  ex is tence  i n  February 1966. 

1966 t h e  s e c t i o n  had 80 members, inc luding  8 p r o f e s s o r s ,  20  s c i e n c e  cand ida te s ,  
and 3 l e c t u r e r s .  Of t h e  remaining members 90% have very  s p e c i a l i z e d  aero-  

! n a u t i c a l  educa t ion .  
7 -__ - - 
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At present the work of the section is directed by a department staffed by: 
P. P. Kvade (Chairman), I. Ya. Shatoba, F. G. Popov, V. L. Korvin, I. I. Smaga, 
I. F. Fanichkin, and V. S. Mitin. 

In 1965 eight sessions were held at which 12 reports and communications 
were given. On January 26, 1965 Candidate of Technical Sciences, G. N. 
Kopylov's report "Historical Development of the Theory of Propeller Aero- 
dynamics" was presented. At the same session G. T. Chernenko's "The Value of 
fhe Journal 'Balloonist' in the Development of Soviet Aviation" was read. It 
concerned the 85th anniversary of the publication of the first issue of &he 
Journal "Balloonist . I' 

Candidate of Technical Sciences, A. A. Kudinov's "Historical Development 
A short talk by V. L. Korvin on of Aircraft Designs" was-heard on March 26.  

the "140th Birthday Anniversary of A. F. Mozhayskiy" was given. 

The report of Candidate of Technical'Sciences V. G. Shakhverdov "Modern 
Aviation Engines" was presented on April 23, a scientific film on aviation en- 
gines was shown at the same time. At this session were heard the communications 
of-I. F. Fanichkin and K. D. Il'inskiy on meetings with V. I. Lenin, in connec- 
tion with his 95th anniversary. K. D. Il'inskiy reported on V. I. Lenin's 
speech to workers of the aviation plant at N. Village at Villa Rode, and I. F. 
Fanichkin on a meeting at the Mendel'son Plant in Moscow on August 3 0 ,  1918. 

On May 6 ,  1965 a celebration session of the section where the enlistment of 
the aviation community of Leningrad was organized in the large conference hall 
of the Leningrad Branch of the Academy of Sciences SSSR in connection with the 
20th Anniversary of the victory over Fascist Germany. 
aviation, twice Hero of the Soviet Union A. A. Novikov gave the report "Soviet 
Aviation in the Second World War'' at the celebration assembly. 

The chief marshal1 of 

The report of Candidate of Technical Sciences V. B. Shavrov "Aircraft 
Designed by P. 0. Sukhiy (in connectionwith the 70th anniversary of P. 0 .  
Sukhiy)" was given on May 21, 1965. 
photographs, designs, etc. It caused numerous questions on the part of the 
members of the section and lively interest of the audience. 

This report was richly illustrated with 

The report of Doctor of Medical Sciences Sergeyev on the topic "Urgent 
Problems of Aviation Medicine" was presented on October 8 ,  1965. 
was made in a historical connection, and the development of aviation medicine 
from the end of the 19th century to our day was shown. 
aviation medicine and its value for space medicine were clearly emphasized. 

The report 

The peculiarities of 

I. Ya. Shatoba's communication "Thirty Years Since the Death of K. E. 
Tsiolkovskiy" was presented at this session. 

The report of engineer, deputy chairman of the Community Design Department 
of Aeronautics (OKBV), N. A. Brusentsev on the topic "Prospects of Dirigibles in 
the Age of Jet Aviation and Astronautics" was presented on October 29, 1965. 

40 



The report of Candidate of Technical Sciences A. G .  Bedunkovich "Transport 
Aviation at a New Stage" was presented on December 26, 1965. 

free aviation." 
photographs and diagrams, and evoked many questions. 

On the basis of 
1 . its content this report could be called: "Historical development of airdrome- 

The report of Comrade Bedunkovich was well illustrated with 

, Along with reports and communications, the members of the section, in 1965, 
prepared manuscripts on the following topics: 

S. M. Yakovlav: "Historico-Biographic Outlines on the Life and Activity 
of V. A. Slesarev." 

N. S. Trukhnanov: V. V. Kuznetsov, "Outstanding Russian Balloonist, - 151 
Meterologist, and Aerologist." 

M. N. Prashchenok: "Historico-Biographic Outline on the Life and Activity 
of Ya. M. Gakkel'." 

K. N. Zatonskiy: "Military Use of Bomber Aviation for Solving Strategic, 
'Military Problems of the First and Second World Wars." 

Many members of the section are working on personal recollections and 
biographical outlines of outstanding personalities in aviation. 

I. Ya. Shatoba 

At the Ukraine Branch of the Section of the History of Aviation and Astro- 
nautics there were 17 sessions between January 1964 and October 1965, at which 
the following reports and communications were heard and discussed: 

Goryainov, P. V.: "Radar in the Service of the Air Force." 

Yefremov, K. V.: "Participation of the Third Aviation Fleet in the Revo- 
lutionary Events of 1917 in Kiev" (personal recollections). 

Karatsuba, S. I.: "Aircraft of the Kiev Aviation Designer A. D. Karpeka." 
(The sister of Karpeka, Ol'ga Danilova, was present at the session and gave a 
speech). 

Kochegura, M. A. : "VTOL Aircraft." 

Kochegura, M. A. : i"80th\Birthday Anniversary of Scientist V. A. Slesarev." \ 

Kochegura, M. A . :  "Supersonic Transport Aircraft." 

Kochegura, M. A. and Ye. V. Koroleva: "75thI\Birthday Anniversary of the 
. Renown Russian Aviation Designer I. I. Sikorskiy." 

Kochegura, M. A. and S. A. Sobolev: "80th Anniversary of the Tests of 
A. F. Mozhayskiy's Airplane." 
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Koroleva, Ye. V.: "Information on the Second Plenum of the Soviet National 
Committee of Historians of Science and Technology held on May 25-28, 1965 at 
Moscow. 

Kropivnitskiy, L. P.: "Aviation Workshops in the Village of Chervonyy." 

Laponogov, I. S.:  "60th Birthday Anniversary of Valeriy Chkalov." 

Laponogov , I. S . : "First Kiev Airfield. It 

Laponogov, I. S.: "50th Anniversary of P. N. Nesterov's Air Ram." (The 
daughter of Nesterov, Margarita Petrovna, was present at the session and gave a 
speech. ) 

Dyakhovetskiy, M. B.: "The Il'ich Squadron." 

Sobolev, S. A.: ,"140th Birthday Anniversary of A. F. Mozhayskiy, the I 
Creator of the First Russian Airplane." 

Sobolev, S. A. : "Mozhayskiy and Mendeleyev." 

Sofronov, N. I.: "On the Activity of the Oldest Aviation Designer of the 
Ukraine, S. V. Grizodubov" (in commemoration of his 80th birthday). 

Tret'yakov, N. S . :  "History and Progress of Aviation." 

Tret'yakov, N. S.: "Certain Features in the Development of Aviation in 
Recent Years. 

Kheyfets, L. S.: "Lenin and Aviation." 

Shevchenko-Bolsunovskiy, N. S.: "Aviation in the Early Period of the 
Second World War. 

On February 26 the section together with the Kiev Institute of Civil Avia- 
tion and the Administration of Civil Aviation held a jubilee session devoted to 
the memory of the Ukrainian aircraft designer Konstantin Alekseyevich Kalinin 
in connection with his 75th birthday. A pupil of K. A. Kalinin, Hero of the 
Soviet Union, engineer-pilot, A. N. Gratsianskiy gave the opening address. 
Pupils and comrades of the designer presented their recollections. 

On the initiative of section member, Mikhail Osipovich Kovan' the 

He was awarded the Diploma of the 
Khar'kov community honored its 80-year-old fellow citizen, designer S. V. 
Grizodbuv on Air Force Day in 1964.  
Presidium of the Supreme Council of the UkrSSR. 

Khar'kov also marked the 130th anniversary of the first balloonist of the 
Ukraine, M. T. Lavrent'yev. The city executive committee passed a resolution 
to establish a memorial plaque in honor of M. T. Lavrent'yev in Khar'kov. 

Based on the scenario described by Kovan', the Khar'kov television studio 
prepared and showed viewers the performance of balloonist M. T. Lavrent'yev. 
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M. 0. Kovan' spent  cons iderable  e f f o r t  on t h e  o rgan iza t ion  of a s e c t i o n  on 
t h e  h i s t o r y  of ae ronau t i c s  and a v i a t i o n  of l o c a l  l o r e  a t  t h e  Khar'kov Museum. ~ 

The e x h i b i t  i n  t h i s  s e c t i o n  shows a model of S .  V .  Grizodubov's f i r s t  a i r p l a n e  
which t h e  designer  made by hand. 

I n  r e c e n t  yea r s  t h e  s e c t i o n  has  increased i t s  work on propagandizing t h e  
h i s t o r y  of a v i a t i o n .  For t h i s  purpose Comrades Kochegura, Lyakhovetskiy, 
Laponogov, Shevchenko-Bolsunovskiy, and e s p e c i a l l y  Sobolev and Kovan' have pre- 
sen ted  r e p o r t s  and he ld  d i scuss ions  a t  e n t e r p r i s e s  and o rgan iza t ions .  
p resented  t h e  r e p o r t  "From Mozhayskiy t o  Gagarin" a t  e n t e r p r i s e s .  
Kovan', as a nons ta f f  l e c t u r e r  a t  t he  planetar i tum, went t o  t h e  c o l l e c t i v e  farms 
of t h e  Khar'kov reg ion  where he gave 47 r e p o r t s  on b a l l o o n i s t  M. T .  Lavrent 'yev,  
and i n  t h e  same yea r  he gave 26 l e c t u r e r s  on "From t h e  Balloon t o  Space F l igh t "  
a t  c o l l e c t i v e  farms of t h e  Galakleyevskiy reg ion .  

Sobolev 
In  1964, 

Members of t h e  s e c t i o n  have presented a r t ic les  f o r  t h e  l o c a l ,  r epub l i c ,  and 
union p r e s s .  For example, t h e  newspaper "Vechirniy Kiiv" publ ished : 

Lapogonov, I. S . :  "The Aerodrome t h a t  Went Down i n  History." August 12 ,  
1963 .  

Fearless Falcon." December 16,  1964.  II 

Museum of Aviat ion History."  January 2 6 ,  1965.  I t  

Lyakhovetskiy, M. B . :  " F i r s t  T i m e  i n  Service."  September 26 ,  1963.  

F i r s t  Regulars." May 2 5 ,  1964. II 

Powerful Wings." Apr i l  18, 1964.  I t  

Commander of t he  Antheurn." August 1 3 ,  1 9 6 5 .  1 1  

The newspaper " S o t s i a l i s t i c h n a  kharkivshchina" p r i n t e d  t h r e e  a r t ic les  by 
M. 0. Kovan': On Grizodubov, Utochkin, and on Lec tures  a t  C o l l e c t i v e  Farms. 

The j o u r n a l  "Kryl 'ya rodiny" contained an  a r t i c l e  by I. S. Lapogonov 
"Veteran of Two Wars" concerning t h e  o ld  p i l o t  T. S .  Shelukhin (No. 7 ,  1 9 6 5 ) .  

The L'vov j o u r n a l  "Zhovten'" p r in t ed  V. A. Zamlinskiy 's  o u t l i n e  "50  Years 
Before t h e  Start" (about F. R. Geshvend) (Zhovten' ,  No. 4 ,  1965). 

The newspaper "Aviator" of t h e  K i e v  I n s t i t u t e  of C i v i l  Aviat ion has  be- 
come a permanent t r i b u n e  on a v i a t i o n  h i s t o r y  f o r  members of t h e  sec t ion .  Not 
on ly  hundreds of s t u d e n t s  and t eache r s  read i t ,  but  t h e  newspaper i s  a l s o  d i s -  
t r i b u t e d  t o  l i b r a r i e s  of c i v i l  a v i a t i o n  u n i t s  of t h e  Soviet  Union. The news- 
paper  I t  Aviator"  p r i n t e d  t h e  fol lowing ar t ic les :  

Kochegura, M. A . :  "A F a l s i f i c a t i o n  from t h e  His tory  of Aeronautics' '  (No. 
7 ,  1 9 6 4 ) .  
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Krats ianskiy ,  A. N. :  "Talented Ai rc ra f t  Designer" (No. 7 ,  1964) (about 
K. A. Ka l in in ) .  

Kheyfets,  L. S . :  "Pages of History."  (From t h e  h i s t o r y  of t h e  Kiev Avia- 
t i o n  I n s t i t u t e )  (Nos. 4,  8, 9 ,  12 ,  1965).  

Sobolev, S. A. : "Mozhayskiy i n  t h e  Ukraine" (No. 10, 1965).  

Karatsuba, S. I. : " A t  t h e  Dawn of Soviet  Gliding" (No. 1 3 ,  1965).  

Koroleva, Y e .  V. :  " F i r s t  F l igh t s "  -- Chapter from t h e  manuscript  on 
M. N. Yefimov. (Nos. 19, 21, 22, 24, 1965). 

Laponogov, I. S .  : "Kiev Airdromes . I 1  (Nos. 29, 30, 1965) and o t h e r s .  

The j o u r n a l  "Narisi z I s t o r i i  t ekhnik i  i t r i rodoznavs tva"  of t h e  Ukraine 
Branch of t h e  Sovie t  Nat iona l  Union of His tor ians  of Science and Technology has  
r e g u l a r l y  publ i shed ,  beginning wi th  t h e  t h i r d  i s s u e ,  ar t ic les  from a v i a t i o n  
h i s  t o r y  : 

I s s u e  3 .  Lyakhovetskiy, M. B . :  "Talented Ukrainian Craftsmen" (about 
I. S. Tereverko) . 

I s s u e  4 .  "80th Anniversary of Honored P i l o t  of t h e  USSR B. I. Rossinskiy -- 
H i s  Memoirs. 'I 1964. 

Dobrov, G. M.:  "Documents from t h e  History of Sovie t  Aviation. ' '  

Koroleva, Y e .  V.: "New Mater ia l  on t h e  L i f e  and A c t i v i t y  of t h e  Rus- 
s i a n  P i l o t  M. N.  Yefimov." 

Denisenko, V. I. : "The Airplane 'Churl Among t h e  F i r s t . "  

Kochegura, M. A . :  "On t h e  Work of t he  Sec t ion  of t h e  His tory  of 
Avia t ion  and Astronaut ics ."  

I s s u e  5. Karatsuba, S .  I. : "Gliders of t h e  Kiev Poly technic  I n s t i t u t e . "  
1965. 

At p r e s e n t  t h e  s e c t i o n  is vigorously working on prepar ing  t h e  manuscript  
Development of Aviat ion i n  t h e  Ukraine." The materials submit ted t o  t h e  ed i -  I t  

t o r i a l  board by au thors  are being examined and d iscussed  a t  t h e  s e c t i o n .  

Furthermore,  t h e  s e c t i o n  i s  so lv ing  problems of e s t a b l i s h i n g  an o b e l i s k  t o  
P. N. Nesterov and t h e  o rgan iza t ion  of an a v i a t i o n  museum i n  Kiev. 

Y e .  V.  Koroleva 
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CONFERENCE OF HISTORIANS OF ASTRONAUTICS 

I The routine session of the International Committee on the History of Rocket 
Technology and Astronautics was held in Athens in September 1965. 

nautics, has set out to coordinate and unify the efforts of scientists studying 
the history of these fields of knowledge. 

This committee, 
I created in 1963 within the frameworks of the International Academy of Astro- 

Its staff is presently made up by representatives of eight countries: 
A. Haily and L. Shepard (England), T. Tabanera (Argentina), V. Sokol'skiy (USSR), /55 
F. Malin and E. Emme (USA),  S. Dolfus (France), I. Zenger-Bredt (West Germany), 
R. Pecek (Czechoslovakia), W. Von Euler (Sweden). The president of the Inter- 
national Academy of Astronautics, K. Draper and assistant director of the 
American National Museum of Aeronautics and Astronautics, F. Durant also 
participated in the work of the Athens session of the committee. 

At the first meeting the committee discussed problems of the goals and tasks 
of historical research in the area of rocket technology and astronautics and the 
structure and program of work of the committee, and conducted a preliminary dis- 
cussion of the problem of division into periods and passed a number of recommen- 
dations onto the president of the Academy. 

After an exchange of opinions, the members of the committee concluded that 
at present, of greatest interest for the International Academy of Astronautics and 
for a broad scientific community are investigations in such areas as: 

a) history of rocket technology 
b) history of astronautics 
c) history of space research 
d) 
e) 
f) history of bioastronautics 

history of equipment for controlling space vehicles 
history of means of communication in space 

It was also decided to institute an annual Th. Von Karman Prize (first 
president of the International Academy of Astronautics) for best work in the 
history of rocket technology and astronautics. 

Because at present national committees uniting historians of rocket tech- 
nology exist only in two countries, in the USSR (Chairman of the committee 
A. A. Blagonravov, deputy chairman V. N. Sokol'skiy) and in the USA (Chairman 
E. M. Emme, assistant chairman F. Durant), the committee resolved t o  place before 
the International Astronautical Federation the problem of creating national his- 
torical committees in all countries belonging to the Federation. 

The second meeting of the committee began with informational reports of 
members of  the committee on research into the history of rocket technology and 
astronautics carried out in countries represented by them. 

not been unified, and work largely independently of one another. 

As was already noted 
above, in most countries historians of aviation and astronautics have so far /56 

In this connection the members of the committee showed considerable interest 
in the problem of organizing research into the history of rocket technology and 
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' astronautics in the USSR and USA. Without dwelling on the work of the section 
of the History of Aviation and Astronautics of the Soviet National Union of 
Historians of Science and Technology (which has been repeatedly elucidated in 
our historico-scientific publications), we will present certain information on 
the organization of research into the history of these areas in the USA. 

I : 

In the USA the first professional organization interested in the history of 
astronautics was the National Space Club which instituted, in 1959, the annual 
Goddard competition for the best work on the history of rocket technology and 
astronautics in order to stimulate the development of this area of knowledge in 
the USA. 
Society of Technological Historians held a joint conference devoted to the his- 
tory of rocket technology in the USA, in which, along with technological his- 
torians, participated G. E. Pendrey, W. R. Dornberger, J. P. Hagen, etc. In 
1964 a Historical Committee was created, also under the American Institute of 
Aeronautics and Astronautics. Furthermore, individual research institutes and 
universities devote considerable attention to the development of the history of 
rocket technology and astronautics. 
ican universities a special course is given on the history of space flight. 

In 1962 the American Association for Scientific Progress and the 

It suffices to say that at a number of Amer- 
The 

Smithsonian Institute in Washington performs conside 
area of the history of astronautics. Finally, quite 
necessary to create a Historical Committee under the 
Space Administration (NASA). 

Further, the committee discussed the problem of 
information on works carried out in different countr 
plan of conferences and symposia in future years. I 

able research work in the 
recently it was deemed 
National Aeronautics and 

exchanging publications and 
es and examining the 
was resolved to hold, 

in 1967, an International- S$mposium on the iopic "The Role of Pioneers of Rocket 
Technology in tlie Development of Astronautics." 

The past session of the committee showed that in recent years interest in 
problems of the history of rocket technology and astronautics has grown 
appreciably in many countries. This challenges researchers working in this 
area with new, considerably higher requirements. I 

REVIEWS AND BIBLIOGRAPHY 

A. M. IZAKSON. SOVIET HELICOPTER CONSTRUCTION. 
Izd-vo Mashinostroyeniye. Moscow, 1965. 

/57 Today, when helicopters have gained general recognition and have become a 
part of life, the appearance of a serious book devoted to the history of heli- 
copter construction must be acknowledged as very timely and welcomed in every 
possible way. 
elder figure in Soviet helicopter construction, should turn to this difficult 
topic. 

It is quite natural that Aleksandr Mikhaylovich Izakson, the 
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Unlike h i s  ear l ie r  l i t e r a r y  works i n  t h i s  area* devoted mainly t o  f o r e i g n  
h e l i c o p t e r  cons t ruc t ion ,  t h e  new book is  a h i s t o r y  of Sovie t  h e l i c o p t e r  con- 
s t r u c t i o n .  

The book g ives  a thorough d e s c r i p t i o n  of a l l  works i n  t h e  area of h e l i c o p t e r s  
c a r r i e d  ou t  i n  Russia from t h e  t i m e  of M. V. Lomonosov u n t i l  t h e  October Revolu- 
t i o n  i n  1917, g ives  a condensed v e r s i o n  of a l l  s c i e n t i f i c  works on p r o p e l l e r s  
and h e l i c o p t e r s  by N .  Y e .  Zhukovskiy, and, f i n a l l y ,  e l u c i d a t e s  w i t h  exhaus t ive  
thoroughness t h e  works of B. N. Yur'yev, a l ead ing  f i g u r e  i n  Sov ie t  h e l i c o p t e r  
cons t ruc t ion .  

The bulk  of t h e  book i s  devoted t o  works on h e l i c o p t e r s  i n  t h e  Sov ie t  Union. 
The pe r iods  between 1925 and 1937, t h e  per iods  of t h e  b i r t h  of Sovie t  h e l i c o p t e r  
cons t ruc t ion ,  development of t h e  f i r s t  Soviet  h e l i c o p t e r s ,  and t h e  f i r s t  major 
progress  i n  so lv ing  t h i s  problem, is  e luc ida ted  q u i t e  thoroughly. 

Most of t hose  now working i n  var ious  areas of Sovie t  h e l i c o p t e r  c o n s t r u c t i o n  
have been engaged i n  t h i s  work during t h e  p a s t  decade. For t h e  most p a r t  t h e s e  

. are young people.  

These workers know l i t t l e  about t h e  h i s t o r y  and b i r t h  of Sov ie t  h e l i c o p t e r  /58 
c o n s t r u c t i o n ,  have vague ideas  about t h e  f i r s t  Sov ie t  h e l i c o p t e r s ,  about auto- 
g i r o  cons t ruc t ion ,  about t h e  mutual in f luence  of t h e s e  two r e l a t e d  branches of 
a v i a t i o n .  

For them t h i s  s e c t i o n  of t h e  book w i l l  be  very u s e f u l  and i n t e r e s t i n g  s i n c e  
i t  i s  w r i t t e n  wi th  pa ins t ak ing  completeness, c l a r i t y ,  and wi th  g r e a t  f e r v o r .  And 
i t  could n o t  be  o therwise  s i n c e  the  author of t h e  book A. M. Izakson w a s  an ac- 
t i v e  p a r t i c i p a n t  of work on h e l i c o p t e r s  of t h a t  pe r iod ,  having headed f o r  many 
y e a r s  i n  t h e  USSR, t h e  des ign  and research  o rgan iza t ion  on h e l i c o p t e r s  and 
a u t o g i r o s  which brought t oge the r  e n t h u s i a s t s ,  t a l e n t e d  people from among 
young eng inee r s ,  and p a r t y  members s i n c e  1917-1920, who passed through t h e  
harsh  schoo l  of t h e  Civ i l  War, and t h e  bes t  r e p r e s e n t a t i v e s  of nonparty spe- 
cial ists  of the o l d e r  genera t ion .  

I Having undertaken t h e  t a s k  of encompassing an  apprec i ab le  pe r iod  of t i m e  and 
\ O f  b r ing ing  t h e  account up-to-date, t h e  author of t h e  book should,have in- 
e v i t a b l y  encountered a number of s p e c i f i c  d i f f i c u l t i e s ,  s i n c e  works of t h e  r e c e n t  
p a s t  and contemporary work sometimes are d i f f i c u l t  t o  o b j e c t i v e l y  e v a l u a t e  com- 
p l e t e l y  and s u f f i c i e n t l y .  

A .  M. Izakson coped w e l l  w i th  t h e s e  d i f f i c u l t i e s ,  knowing how t o  eva lua te  
q u i t e  o b j e c t i v e l y  t h e  q u a l i t y  and va lue  of a number of cons t ruc ted  c r a f t ,  t h e  ac- 
t i v i t y  of des ign  o rgan iza t ions ,  and t h e  role of numerous workers i n  h e l i c o p t e r  
c o n s t r u c t i o n .  

"Izakson, A. M . :  He l i cop te r s  (Gelikoptery),  Izd .  GNTI, 1931 and Izakson, A.  M. :  
H e l i c o p t e r s  (Gel ikoptery) ,  Izd.  Oborongiza, 1947. 
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Along w i t h  a d e t a i l e d  e l u c i d a t i o n  of the h i s t o r y  of Sovie t  h e l i c o p t e r  con- 

This  is q u i t e  r e g u l a r  and proper  
s t r u c t i o n ,  the book g ives  a n  abbrevia ted  review of t h e  state of fo re ign  h e l i -  
copter  cons t ruc t ion  a t  each h i s t o r i c a l  s tage .  
s i n c e  i t  gives  t h e  reader  t h e  opportuni ty  t o  ge t  a broader  idea  about t h e  com- 
parative level of world and Sovie t  he l i cop te r  cons t ruc t ion .  

People advance technology. It is n a t u r a l  t h a t  i n  a work on t h e  h i s t o r y  of 
the development of a p a r t i c u l a r  branch of technology, t he  a c t i v i t y  of people ,  
the c r e a t o r s  of t h i s  technology, should be s u f f i c i e n t l y  r e f l e c t e d  and an evalua- 
t i o n  of t h e i r  cons t ruc t ive  r o l e  a t  dec is ive  s t a g e s  be  given. 

A. M. Izakson q u i t e  scrupulously notes i n  h i s  book t h e  l a r g e  number of 
p a r t i c i p a n t s  who worked on t h e  development of h e l i c o p t e r s  and au tog i ros ,  without  
l i m i t i n g  himself t o  mentioning only the  main des igners  o r  p r i n c i p a l  d i r e c t o r s ,  
bu t  naming a l s o  very  many des igners ,  engineers ,  c a l c u l a t o r s ,  s c i e n t i f i c  workers,  
tes t  p i l o t s ,  and a number of  o t h e r s  who, while  no t  now occupying any adminis t ra-  
t ive  p o s t s ,  c r e a t i v e l y  approached t h e i r  work, demonstrated much va luable  i n i -  
t i a t i v e ,  and went about t h e i r  work wi th  joy and enthusiasm. 

Undoubtedly, t h e i r  ex tens ive  aux i l i a ry  mater ia l  i n  t h e  appendix t o  t h e  book 
i n  the form of s ta t i s t ica l  t a b l e s  and the  q u i t e  complete and c a r e f u l l y  s e l e c t e d  
l ist  of recommended l i t e r a t u r e  w i l l  be of g r e a t  b e n e f i t  t o  t h e  reader .  

The previous  books of A. M. Izakson found many r eade r s  among a v i a t i o n  
workers i n t e r e s t e d  i n  h e l i c o p t e r s .  For many, e s p e c i a l l y  among youthfu l  s t u d e n t s ,  
they  have been a r e fe rence  book f o r  a long  t i m e .  

Without a doubt t h e  new book by A. M. Izakson w i l l  a l s o  be favorably  re- 
ceived,  w i l l  be h igh ly  eva lua ted ,  and w i l l  be  a va luab le  con t r ibu t ion  of i t s  
au tho r  t o  the f u t u r e  progress  and blossoming of Sovie t  h e l i c o p t e r  cons t ruc t ion .  

V. B. Shavrov 
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